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1

RADIO COMMUNICATION SYSTEM USING
POINT-TO-POINT AND
POINT-TO-MULTIPOINT USER
INFORMATION COMMUNICATIONS

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a radio base station
device, a radio terminal device and an information commu-

nication method for realizing radio communications.
2. Description of the Background Art

Systems for carrying out communications between a radio
base station and a radio terminal can be largely classified
into a public system 1n which the radio base station carried
out a centralized management of radio bands and a private
system 1n which the radio terminal carries out communica-
fions autonomously and radio bands are not managed rig-
orously.

Conventionally, 1n the public system, 1t has been custom-
ary to exchange user mformation through a point-to-point
connection between the radio base-station and the individual
radio terminal.

For example, mn the cellular telephone system using
TDMA (Time Division Multiple Access) scheme, the radio
system manager allocates some time-slot to each radio
terminal such that communications between that radio ter-
minal and the radio base station are carried out using only
that allocated time-slot.

In such a system, the control methods for carrying out the
point-to-point user information communications are defined
in advance, and these control methods includes one 1n which
the radio base station broadcasts to a plurality of radio
terminals. For example, in the paging for calling up a
specific radio terminal, an ID of the radio terminal to be
called up and a message containing a command to make the
corresponding radio terminal to return a response are broad-
cast from the radio base station to all radio terminals within
an area (called cell) to which radio signals can reach from
that radio base station.

Such a conventional radio communication system 1s pro-

vided with means for broadcasting radio control information
from the radio base station to all the radio terminals located
within the cell of that radio base station. However, the
communication 1nvolving a radio terminal at least on one
side, such as speech communication in the cellular telephone
to be specific, has been carried out 1n the point-to-point
fashion, and such a conventional radio communication sys-
tem has not been provided with any means for transmitting
user information from the radio base station to a plurality of
radio terminals simultaneously or scheme in which radio
terminals receive such user information regardless of
whether 1t 1s destined to the own terminal or not.

On the other hand, the radio LAN technology that belongs
to the private system i1s compatible with communication
systems based on wire Ethernet, and provided with means
for each radio terminal or radio base station to transmit
information at a variable rate stmultaneously with respect to
a plurality of radio terminals or a plurality of radio terminals
and radio base stations.

In such a system, slots for user information and slots for
control information are coexisting without any distinction,
or slots with mixed information are existing. For this reason,
a recerving device side receives all transmitted information
without distinguishing user information and control infor-
mation, and then judges whether they are destined to the
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own terminal or not according to the control information
among the received mformation.

However, 1n this case, contrary to the case of the public
system, there 1s no point-to-point information exchange, and
all mformation must be received once so that there has been
a problem that many wasteful processings are involved.
Also, 1n the case where a communication terminal 1s a
mobile terminal with no power supply, there also arises a
problem of the power capacity shortage.

As described, it has been 1impossible to carry out point-
to-multipoint user information communications in the con-
ventional radio system of the public system type, whereas 1t
has been 1mpossible to carry out point-to-point user mfor-
mation communications in the conventional radio system of
the private system type.

SUMMARY OF THE INVENTION

It 1s therefore an object of the present invention to provide
a radio base station device, a radio terminal device, and an
information communication method which are capable of
enabling the radio base station to carry out both point-to-
point user information communications and point-to-multi-
point user information communications with respect to radio
terminals.

According to one aspect of the present invention there 1s
provided a radio base station device, comprising: a reception
unit configured to receive a connection request from one
radio terminal (a random access channel, for example); a
first allocation unit configured to allocate (dynamically, for
example) a first media access control 1dentifier which 1s an
unused media access control identifier, to said one radio
terminal that 1ssued the connection request; a broadcast unit
configured to broadcast a correspondence between the first
media access control identifier and said one radio terminal (a
second broadcast channel, for example); a second allocation
unit configured to allocate a second media access control
identifier to an identifier (a multicast IP address or a content
name, for example) of a multicast information that are to be
received by a plurality of radio terminals; a first transmission
unit configured to transmit a correspondence information for
enabling said plurality of radio terminals to recognize a
correspondence between the second media access control
identifier and the identifier of the multicast information; and
a second transmission unit configured to transmit a time-slot
corresponding to the first media access control identifier
with a user information destined to said one radio terminal
loaded thereon, and a time-slot corresponding to the second
media access control 1dentifier with the multicast informa-
fion loaded thereon.

According to this aspect of the present invention, it
becomes possible to provide an efficient radio base station
device 1 which radio channels for transmission to a plural-
ity of terminals can be collected into one channel by carrying
out the multicast on a radio section, in addition to making a
point-to-point connection request individually.

Preferably, the first transmission unit transmits the corre-
spondence mnformation using a radio control broadcast chan-
nel (channel 401/402/406, for example) that is set to be
received by any radio terminal located within an area of the
radio base station device (located within a range to which
radio signals from the radio base station device reach, for
example).

By broadcasting the multicast information using the radio
control broadcast channel in this way, it becomes possible
for at least the downlink side to listen to the multicast
broadcast without establishing connections. Also, even 1n
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the case where uplink channels are necessary, it su
set up only the uplink section.

Preferably, the radio base station device further comprises
a unit configured to obtain information on a correspondence
between said one radio terminal and the identifier of the
multicast information that said one radio terminal wishes to
receive, wherein the first transmission unit transmits the
correspondence 1nformation to said one radio terminal,
using either a radio control broadcast channel that is set to
be received by any radio terminal located within an area of
the radio base station device or a time-slot corresponding to
the first media access control identifier.

By ascertaining the multicast information that the radio
terminal device wishes to receive 1n this way, 1t becomes
possible to limit the multicast broadcast reception only to the
radio terminal device for which the 1dentifier of the multicast
information 1s known or for which the reception 1s permit-
ted.

Preferably, the radio base station device further com-
prises: a third allocation unit configured to allocate a broad-
cast media access control identifier to be received by any
radio terminal located within an area of the radio base station
device; and a notification unit configured to notify any radio
terminal located within the areca of the radio base station
device to receive the broadcast media access control 1den-
tifier, using a radio control broadcast channel (channel
401/402/406, for example) that 1s set to be received by any
radio terminal located within the area of the radio base
station device.

In this way, 1t becomes possible use arbitrary channel for
the broadcast. Also, by setting a user channel which has a far
largcer communication capacity than a control channel in
ogeneral, as a channel for the broadcast, for example, it
becomes possible to transmit a large amount of broadcast
information toward all the radio terminal devices.

Preferably, the second allocation unit allocates a media
access control identifier that 1s set to be received by any
radio terminal located within an area of the radio base station
device as the second media access control 1dentifier.

By conveying all the multicast information using the user
channel for the broadcast, for example, 1t becomes possible
to realize the effective ufilization of radio channels by
multiplexing.

Preferably, the reception unit receives the connection
request that contains a multicast connection request, from
said one radio terminal.

Preferably, the radio base station device further comprises
a set up unit configured to set up a datalink connection with
respect to said one radio terminal (by using an individual
control channel, for example), wherein the second allocation
unit allocates a set of the second media access control
identifier and a datalink connection 1dentifier to the 1dentifier
of the multicast information, the first transmission unit
transmits the correspondence information regarding a cor-
respondence between the identifier of the multicast mfor-
mation and the set of the second media access control
identifier and the datalink connection i1dentifier, and the
second transmission unit transmits a time-slot corresponding
to the set of the second media access control 1dentifier and
the datalink connection identifier with the multicast 1nfor-
mation loaded thereon.

By adding a datalink connection identifier 1n this way, it
becomes possible to multiplex radio channels within the
same media access control identifier. In particular, different
multicast groups using different datalink connections can be
provided using the same media access control 1dentifier for
the multicast, so that radio channels can be used efficiently.

ces to
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Moreover, when combined with the feature that the sec-
ond allocation unit allocates a media access control identifier
that 1s set to be received by any radio terminal located within
an arca of the radio base station device as the second media
access control identifier, 1t becomes possible to set up a
plurality of datalink connections 1 correspondence to the
broadcast media access control identifier, and use these
datalink connections for mutually different multicast broad-
casts.

Preferably, the radio base station device further com-
prises: a set up unit configured to set up a datalink connec-
tion with respect to said one radio terminal; and a third
allocation unit configured to allocate another media access
control identifier different from those already allocated by
the first and second allocation units, to a datalink control
information with respect to the user information, wherein
the first transmission unit transmits said another media
access control 1dentifier as a media access control 1dentifier
for the datalink information with respect to the user infor-
mation.

In this way, 1t becomes possible to allocate the media
access control 1dentifier of the uplink datalink control infor-
mation (ARQ information, for example) for the downlink
multicast information to each radio terminal separately, so
that the radio base station can provide arbitration among a
plurality of radio terminals that request the uplink datalink
control channels. Also, the uplink datalink control 1nforma-
tion for the downlink unicast imnformation and the uplink
datalink control information for the downlink multicast
information for one terminal are distinguished by the media
access control 1dentifiers, so that the allocation of the
datalink connection identifier for the multicast can be carried
out regardless of the state of the allocation of the datalink
connection identifier for the unicast. In this way, the radio
base station can carry out the datalink control for the
downlink multicast.

Preferably, the radio base station device further comprises
a set up unit configured to set up a datalink connection with
respect to said one radio terminal, wherein the second
allocation unit sets a value that 1s unused as a datalink
connection 1dentifier for datalink control of received 1nfor-
mation (not allocated to the unicast of the radio terminal), as
a value of the datalink connection identifier to be allocated
to the 1dentifier of the multicast information, with respect to
said one radio terminal which receives the multicast infor-
mation using a time-slot corresponding to the second media
access control 1dentidier.

In this way, 1t becomes possible to carry out the allocation
of the datalink connection i1dentifier for the multicast, with-
out using the datalink connection i1dentifier allocated for the
unicast. Consequently, even when the media access control
identifier of the uplink datalink control information (ARQ
information, for example) for the downlink unicast infor-
mation and the media access control 1dentifier of the down-
link datalink control information for the downlink multicast
information are set to be 1dentical, 1t 1s possible to separate
these datalink control information accurately. In this way,
the radio base station can carry out the datalink control for
the downlink multicast.

Preferably, the connection request from the radio terminal
1s received via a wire network.

By using the radio base station 1n such a configuration, it
becomes possible for the radio terminal to transmit the
control information and the user information to the radio
base station via the second radio base station different from
that radio base station and the wire network. In the case
where the amount of information transmitted by the radio
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terminal 1s less than the amount of information received by
the radio terminal, 1t becomes possible to lower the radio
frequency to be utilized for communications between the
second radio base station and the radio terminal, and to make
the frequency band narrower, so that such a radio base
station conflguration can contribute to the reduction of the
power or the size of the radio terminal.

According to another aspect of the present invention there
1s provided a radio terminal device, comprising: a transmis-
sion unit configured to transmit a connection request to a
radio base station; a first reception unit configured to receive
a first media access control 1dentifier allocated to the radio
terminal device, which 1s broadcast from the radio base
station (second broadcast channel, for example); a second
reception unit configured to receive an identifier (multicast
[P address or content name, for example) of a multicast
information to be received by a plurality of radio terminals
and a second media access control 1dentifier allocated to the
identifier of the multicast information, which are transmitted
from the radio base station; and a third reception unit
coniigured to receive a user information destined to the radio
terminal device which 1s loaded on a time-slot correspond-
ing to the first media access control identifier, and the
multicast information which 1s loaded on a time-slot corre-
sponding to the second media access control identifier.

According to this aspect of the present invention, it
becomes possible to provide an efficient radio terminal
device 1n which radio channels for transmission to a plural-
ity of terminals can be collected 1nto one channel by carrying
out the multicast on a radio section, in addition to making a
point-to-point connection request individually.

Preferably, the second reception unit receives the i1denti-
fler of the multicast information and the second media
access control identifier using a radio control broadcast
channel (channel 401/402/406, for example) that is set to be
received by any radio terminal located within an area of the
radio base station device.

By broadcasting the multicast information using the radio
control broadcast channel in this way, 1t becomes possible
for at least the downlink side to listen to the multicast
broadcast without establishing connections. Also, even in
the case where uplink channels are necessary, it suffices to
set up only the uplink section.

Preferably, the second reception unit receives the second
media access control identifier as the user information
destined to the radio terminal device.

In this way, as the radio terminal device requests a desired
multicast information or the radio base station device knows
that information in advance, those radio terminal devices
which are not wishing that multicast information need not
receive that information.

Preferably, the radio terminal device further comprises a
fourth reception unit configured to receive a broadcast media
access control identifier to be received by any radio terminal
located within an area of the radio base station, wherein the
third reception unit also receives information loaded on a
time-slot corresponding to the broadcast media access con-
trol 1dentifier.

In this way, by setting a user channel which has a far
largcer communication capacity than a control channel in
ogeneral, as a channel for the broadcast, for example, it
becomes possible to receive a large amount of broadcast
information from the radio base station device.

Preferably, the transmission unit transmits the connection
request that contains a multicast connection request.

Preferably, the radio terminal device further comprises a
set up unit configured to set up a datalink connection with
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respect to the radio base station (by using an individual
control channel, for example), wherein the second reception
unit receives the i1dentifier of the multicast information and
a set of the second media access control i1dentifier and a
datalink connection identifier allocated to the idenfifier of
the multicast immformation, and the third reception unit
receives the multicast mmformation loaded on a time-slot
corresponding to the set of the second media access control
identifier and the datalink connection identifier.

By adding a datalink connection identifier in this way, it
becomes possible to multiplex radio channels within the
same media access control identifier. In particular, different
multicast groups using different datalink connections can be
provided using the same media access control identifier for
the multicast, so that radio channels can be used efficiently.

Preferably, the radio terminal device further comprises: a
set up unit configured to set up a datalink connection with
respect to the radio base station; a fourth reception unit
coniigured to receive a third media access control 1dentifier
allocated to an 1dentifier of a datalink control information for
the multicast information loaded on a time-slot correspond-
ing to the second media access control identifier; and a
second transmission unit configured to transmit the datalink
control mmformation for the multicast information, using a
time-slot corresponding to the third media access control
identifier.

In this way, as the radio base station allocates the media
access control identifier of the uplink datalink control infor-
mation (ARQ information, for example) for the downlink
multicast information to each radio terminal separately, and
as the radio base station allocates separate time-slots to
different radio terminals using these media access control
identifiers, it becomes possible for the radio terminal to
transmit the datalink control information efficiently and
surely to the radio base station by utilizing the uplink
datalink control channel without causing any collision with
the other radio terminals. In this way, the radio terminal can
carry out the datalink control for the downlink multicast.

Preferably, the radio terminal device further comprises: a
set up unit configured to set up a datalink connection with
respect to the radio base station; and a second transmission
unit configured to transmit the datalink control information
for the multicast information, using a time-slot correspond-
ing to the first media access control identifier.

In this way, the radio terminal uses the media access
control 1dentifier allocated for the unicast also for transmis-
sion of the uplink datalink control information for the
downlink multicast information. As the radio base station
allocates separate time-slots to different radio terminals
using this media access control identifier, 1t becomes pos-
sible for the radio terminal to transmit the datalink control
information efficiently and surely to the radio base station by
utilizing the uplink datalink control channel without causing
any collision with the other radio terminals. In this way, the
radio terminal can carry out the datalink control for the
downlink multicast.

Preferably, the connection request to the radio base station
1s transmitted to the second radio base station.

In this way, 1t becomes possible for the radio terminal to
transmit the control information and the user information to
the radio base station via the second radio base station
different from that radio base station and the wire network.
In the case where the amount of information transmitted by
the radio terminal 1s less than the amount of information
received by the radio terminal, 1t becomes possible to lower
the radio frequency to be utilized for communications
between the second radio base station and the radio terminal,
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and to make the frequency band narrower, so that such a
radio base station configuration can contribute to the reduc-
tion of the power or the size of the radio terminal.

According to another aspect of the present invention there
1s provided a method of information communication from a
radio base station to a radio terminal, comprising the steps
of: making a connection request from the radio terminal to
the radio base station; allocating (dynamically, for example)
a first media access control 1dentifier which 1s an unused
media access control 1dentifier, to the radio terminal, at the
radio base station which received the connection request;
fransmitting a correspondence between the first media
access control identifier and the radio terminal, from the
radio base station to the radio terminal; transmitting a user
information from the radio base station to the radio terminal
using a time-slot corresponding to the first media access
control identifier; allocating (dynamically, for example) a
second media access control 1dentifier to a multicast 1nfor-
mation to be received by a plurality of radio terminals, at the
radio base station; transmitting a correspondence 1nforma-
tion for enabling said plurality of radio terminals to recog-
nize a correspondence between the second media access
control 1dentifier and the 1dentifier of the multicast informa-
fion; and transmitting the multicast information from the
radio base station to said plurality of radio terminals using
a time-slot corresponding to the second media access control
idenftifier.

According to this aspect of the present invention, it
becomes possible to improve the radio channel utilization
eficiency by carrying out the point-to-multipoint transmis-
sion 1n addition to carrying out a point-to-point transmission
individually.

Other features and advantages of the present invention
will become apparent from the following description taken
in conjunction with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a block diagram showing an exemplary network
configuration including a radio base station and a radio
terminal of a radio communication system according to the
first embodiment of the present mvention.

FIG. 2 1s a diagram showing an exemplary configuration
of a media access control frame used 1n the radio commu-

nication system of FIG. 1.

FIG. 3 1s a diagram showing one example of a correspon-
dence table 1n a media access control identifier management

unit of the radio base station 1n the radio communication
system of FIG. 1.

FIG. 4 1s a diagram showing one example of a correspon-
dence table 1n a media access control 1dentifier management

unit of the radio terminal in the radio communication system
of FIG. 1.

FIG. 5§ 1s a sequence chart showing an exemplary point-
to-point link connection procedure in the radio communi-
cation system of FIG. 1.

FIG. 6 1s a sequence chart showing an exemplary broad-
cast type multicast link connection procedure 1n the radio
communication system of FIG. 1.

FIG. 7 1s a sequence chart showing an exemplary bidi-
rectional type multicast link connection procedure 1n the
radio communication system of FIG. 1.

FIG. 8 1s a block diagram showing another exemplary
conilguration of the radio base station and the radio terminal
in a radio communication system according to the first
embodiment of the present invention.
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FIG. 9 1s a diagram showing one example of a correspon-
dence table 1n a media access control identifier management
unit of the radio base station in the radio communication

system of FIG. 8.

FIG. 10 1s a diagram-showing one example of a corre-
spondence table 1n a media access control 1dentifier man-
agement unit of the radio terminal 1n the radio communica-
tion system of FIG. 8.

FIG. 11 1s a diagram showing another example of a
correspondence table 1n a media access control identifier
management unit of the radio base station i the radio
communication system of FIG. 8.

FIG. 12 1s a diagram showing another example of a
correspondence table 1n a media access control identifier
management unit of the radio terminal in the radio commu-
nication system of FIG. 8.

FIG. 13 1s a sequence chart showing an exemplary broad-
cast type multicast link connection procedure using a con-
nection request from a radio terminal according to the
second embodiment of the present 1nvention.

FIG. 14 1s a sequence chart showing an exemplary broad-
cast type multicast link connection procedure using a known
radio terminal information according to the second embodi-
ment of the present mnvention.

FIG. 15 1s a sequence chart showing an exemplary bidi-
rectional type multicast link connection procedure using a
connection request from a radio terminal according to the
second embodiment of the present 1nvention.

FIG. 16 1s a sequence chart showing an exemplary bidi-
rectional type multicast link connection procedure using a
known radio terminal information according to the second
embodiment of the present invention.

FIG. 17 1s a diagram showing one example of a corre-
spondence table 1n a media access control identifier man-
agement unit of the radio base station according to the third
embodiment of the present invention.

FIG. 18 1s a diagram showing one example of a corre-
spondence table 1n a media access control identifier man-
agement unit of the radio terminal according to the third
embodiment of the present invention.

FIG. 19 1s a diagram showing one example of a corre-
spondence table 1n a media access control 1dentifier man-
agement unit of the radio base station according to the fourth
embodiment of the present invention.

FIG. 20 1s a diagram showing one example of a corre-
spondence table 1n a media access control 1dentifier man-
agement unit of the radio terminal according to the fourth
embodiment of the present invention.

FIG. 21 1s a diagram showing one example of a corre-
spondence table 1n a media access control 1dentifier man-
agement unit of the radio base station according to the fifth
embodiment of the present invention.

FIG. 22 1s a diagram showing one example of a corre-
spondence table 1n a media access control 1dentifier man-
agement unit of the radio terminal according to the fifth
embodiment of the present invention.

FIG. 23 1s a block diagram showing an exemplary net-
work configuration including a radio base station and a radio
terminal of a radio communication system in a hybrid
scheme according to the sixth embodiment of the present
invention.

FIG. 24 1s a sequence chart showing an exemplary point-
to-point link connection procedure of the hybrid scheme in
the radio communication system of FIG. 23.
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FIG. 25 1s a sequence chart showing an exemplary bidi-
rectional type multicast link connection procedure of the
hybrid scheme 1 the radio communication system of FIG.
23.

FIG. 26 1s a sequence chart showing an exemplary broad-
cast type multicast link connection procedure of the hybrid
scheme using a connection request from a radio terminal
according to the seventh embodiment of the present inven-
tion.

FIG. 27 1s a sequence chart showing an exemplary bidi-
rectional type multicast link connection procedure of the
hybrid scheme using a connection request from a radio
terminal according to the seventh embodiment of the present
invention.

FIG. 28 1s a sequence chart showing an exemplary bidi-
rectional type multicast link connection procedure of the
hybrid scheme using a known radio terminal information
according to the seventh embodiment of the present inven-
tion.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

Referring now to FIG. 1 to FIG. 12, the first embodiment
of a radio communication system according to the present
invention will be described 1n detail.

FIG. 1 shows an exemplary network configuration includ-
ing a radio base station 100 and a radio terminal 200
according to the first embodiment.

As shown 1n FIG. 1, this network comprises a wire
network 300, a radio base station 100 connected with the
wire network 300, and a radio terminal 200 which 1s located
within a cell of the radio base station 100. Note that FIG. 1
only shows one radio base station 100 but 1t 1s possible to
have plural radio base stations in general. Note also that the
radio terminal 200 1s capable of carrying out communica-
tions with the other radio terminals through one radio base
station or a plurality of radio base stations.

The radio base station 100 has a radio interface 101, a
control information transmission and reception unit 102, a
slot scheduling unit 103, a media access control 1dentifier
management unit 104, a user information transmission and
reception unit 105, a relay unit 106, and a wire interface 107.

The radio terminal 200 has a radio interface 201, a control
information transmission and reception unit 202, a user
information transmission and reception unit 203, a media
access control 1dentifier management unit 204, a slot selec-
tion unit 205, and a multicast control unit 206.

FIG. 2 shows an exemplary configuration of a media
access control frame to be transmitted and received by the
radio base station 100 and the radio terminal 200.

The media access control frame 400 has a first broadcast
channel 401, a frame control channel 402, a downlink
channel 403 (in a direction from the radio base station 100
to the radio terminal 200), a random access channel 404, and
an uplink channel 405 (in a direction from the radio terminal
200 to the radio base station 100).

The first broadcast channel 401 1s used for a notification
of the existence of the radio base station 100, for example.

The frame control channel 402 i1s used in notifying
information regarding this frame, such as a time-slot con-
figuration of this frame, for example. Note that the frame
control channel 402 can also be regarded as a type of the
radio control broadcast channel.

The downlink channel 403 1s used 1n transmitting user
information and control information 1n a direction from the
radio base station 100 to the radio terminal 200.
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The random access channel 404 1s used commonly by a
plurality of radio terminals (and usually has a function for
resolving collisions).

The uplink channel 405 i1s used 1n transmitting user
information and control information 1n a direction from the
radio terminal 200 to the radio base station 100.

The downlink channel 403 can contain a second broadcast
channel 406, an 1ndividual control channel 408, a user data
channel 409, and a datalink control channel 410. The uplink
channel 405 can contain an individual control channel 411,
a user data channel 412, and a datalink control channel 413.
In addition, a plurality of channels that are identified by
media access control identifiers, for example, may be con-
tained 1n each of the individual control channel, the user data
channel, and the datalink control channel.

In this embodiment, it 1s assumed that the time division
media access control 1s carried out, and that the media access
control frame 400 is subdivided into time-slots (where
which channels are allocated to which time-slots 1s con-
trolled separately for each media access control frame 400).

Now, at the radio base station 100, the slot scheduling unit
103 allocates a time-slot to each channel according to given
rules.

The control information transmission and reception unit
102 carries out encoding or the like of information to be
transmitted by the first broadcast channel 401, the frame
control channel 402, the second broadcast channel 406, the
individual control channel 408, and the datalink-control
channel 410, and commands the radio interface 101 to
transmit them using time-slots allocated by the slot sched-
uling unit 103. Also, the control information transmission
and reception unit 102 decodes information contained in
time-slots corresponding to the idividual control channel
411 and the datalink control channel 413 that 1s received
from the radio interface-101.

The user information transmission and reception unit 1035
carries out encoding or the like of information to be trans-
mitted by the user data channel 409, and commands the
radio mterface 101 to transmit 1t using a time-slot allocated
by the slot scheduling unit 103. Also, the user information
transmission and reception unit 105 decodes information
contained 1n a time-slot corresponding to the user data
channel 412 that 1s received from the radio interface 101.

The radio interface 101 realizes functions such as radio
fransmission and reception, modulation and demodulation,
elc.

The relay unit 106 corresponds to a bridge function or a
router function, and receives data that are either received by
the wire interface 107 or the radio interface 101, or gener-
ated 1n the radio base station 100. In addition, the relay unit
106 determine whether the data are to be transmitted to the
wire 1nterface 107 or the radio mterface 101, or received by
this radio base station 100 itself, by referring to an internal
routing information, and carries out the control such that the
data will be given to the determined destination.

The media access control 1dentifier management unit 104
manages correspondences between information type 1denti-
fiers and media access control 1dentifiers, using a correspon-
dence table as shown in FIG. 3.

In the example of FIG. 3, the information type identifier
is divided into two parts, where one part (a left column of the
information type identifier in FIG. 3) 1s labelled by names
such as “terminal-17, “terminal-2”, “multicast-17, “multi-
cast-2”, “multicast-3”, and “multicast-4”, for example.
These can be network layer address (IP address or the like
to be specific) of the radio terminal 200, the multicast
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address of the network layer, or information types at the
radio control level which 1s the lower layer, for example.

Also, the other part of the information type identifier (a
right column of the information type 1dentifier of FIG. 3) is
labelled by names such as “terminal ID-17, “terminal ID-2",
“oroup ID-17, “group ID-2”, “group ID-3”, and “group
ID-4”, for example. These indicate an ID number uniquely
assigned to the radio terminal 200 or an ID number uniquely
assigned to the multicast group. Depending on the system, it
1s possible to set up two or more connections with respect to
one terminal ID, and 1n such a case the same terminal ID
may have two or more media access control identifiers. The
group ID may indicate open media information such as
“news A” or “advertisement B”, for example, or a CUG
(Closed User Group) ID such as “mailing list C”. The group
ID 1s usually unique over all the radio base stations with
which the radio terminal 200 1s capable of carrying out
communications, but if this 1s not the case, there 1s a need to
provide some way of notifying information regarding the
change of the group ID to the radio terminal 200.

The correspondences between the information type iden-
fifiers and the media access control identifiers may be
changed in time. For example, FIG. 3 shows that the media
access control identifier “#3” currently corresponds to “mul-

ticast-1”7 and “group ID-1" but 1t can also correspond to
“multicast-2” and “group ID-27, or “multicast-3” and
“oroup ID-3” at other moments. The correspondence can be
changed according a prescribed rule such as that for cycli-
cally changing the correspondence among these three when-
ever the radio base station 100 transmits the media access
control frame 400, for example.

The media access control 1dentifier management unit 104
selects the specific correspondence between the information
type 1dentifier and the media access control identifier at
appropriate frequency, and requests the control information
transmission and reception unit 102 to transmit the selected
correspondence using the second broadcast channel 406. In
the above described example, transmission of the informa-
tion type identifier (multicast-1, multicast-2, or multicast-3)
corresponding to the media access control i1dentifier “#3”
using the second broadcast channel 406 of the media access
control frame 400 at a time when the correspondence 1is
changed will be requested. At this point, especially in the
case of the multicast address, there can be cases where the
information type 1idenftifier given by information of an
address on the left column alone 1s insufficient for the
receiving radio terminal 200 side to ascertain what infor-
mation 1t 1s. In such cases, mnformation of the group ID on
the right column 1s also transmitted at the same time. The
media access control i1dentifier management unit 104 also
requests transmission of the information type i1dentifier for
which the corresponding media access control identifier 1s
lost, according to the need. The correspondence to be
selected at appropriate frequency can be fixed one instead of
the time varying one. However, the media access control
identifier “#0” 1s allocated mm advance to the radio control
broadcast information, so that there 1s no need to broadcast
this correspondence.

Upon receiving this request, the control information trans-
mission and reception unit 102 requests the slot scheduling
unit 103 to allocate as many time-slots as required in
transmitting that correspondence (any other information to
be transmitted will also be included in the required amount)
to the second broadcast channel 406 1n the media access
control frame 400. The control information transmission and
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reception unit 102 mounts that correspondence into the
allocated time-slots and transmait 1t through the radio inter-
face 101.

Next, at the radio terminal 200, the radio interface 201
realizes functions such as radio transmission and reception,
modulation and demodulation, etc. More specifically, the
radio interface 201 receives the first broadcast channel 401,
the frame control channel 402, as well as the second
broadcast channel 406, the 1ndividual control channel 408
destined to the own terminal, the user data channel 409
destined to the own terminal and the datalink control chan-
nel 410 among the downlink channel 403, in the media
access control frame 400. Also, the radio interface 201
transmits necessary mformation to the random access chan-
nel 404, the individual control channel 411 for the own
terminal, the user data channel 412 for the own terminal, and
the datalink control channel 413. Here, the channel destined
to the own terminal can be a channel destined to a plurality
of terminals that mnclude the own termainal.

The user information transmission and reception unit 203
grves the user information to be transmitted at the user data
channel 412 for the own terminal, to the radio interface 201,
and receives the user information that was received as
destined to the own terminal from the radio interface 201.

The control information transmission and reception unit
202 carries out the control mformation exchange with the
radio interface 201, and then gives information on the
correspondence between the information type i1dentifier and
the media access control identifier to the media access
control identifier management unit 204 when such a corre-
spondence mformation 1s contained in the second broadcast
channel 406 received through the radio mterface 201.

The media access control 1dentifier management unit 204
1s managing information on the information type identifier to
be received by the radio terminal 200 using a correspon-
dence table as shown 1n FIG. 4. The media access control
identifier management unit 204 selects only those corre-
spondences that are related to the information type 1dentifier
to be received by the radio terminal 200 from the obtained
information on the correspondence between the information
type 1dentifiers and the media access control 1dentifiers, and
registers the media access control 1dentifiers corresponding
to the selected correspondences into the correspondence
table of FIG. 4. In this example, 1t 1s assumed that a set of
“multicast-3” and “group-3” 1s registered 1n advance as the
information type identifier to be received, so that the media
access control identifier “#3” that corresponds to 1t will be
registered. If the value of “multicast-3” 1s apparently fixed
one, there 18 no need for the radio terminal to maintain
“oroup-3” part which 1s the right side of the information type
identifier, but the value of “multicast-3” may take different
values depending on time and place in general.

In the case where it 1s indicated that there 1s no media
access control 1dentifier corresponding to the information
type 1dentifier, the media access control identifier 1s deleted.
For example, when it 1s indicated that the media access
control 1dentifier corresponding to “multicast-3" 1s lost after
awhile, the media access control identifier column corre-
sponding to “multicast-3” will be set as unallocated. How-
ever, the mnformation type 1dentifier itself will be left as 1t
indicates the information type to be received by the radio
terminal 200. Note that the media access control 1identifier of
the own terminal 1s set as unallocated to indicate that the
radio base station 100 1s not particularly aware of the
existence of this radio terminal.

The media access control 1dentifier management unit 204
notifies the media access control identifier for which the
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neced for receiving arose and the media access control
identifier for which the need for receiving disappeared, to
the slot selection unit 203.

The slot selection unit 205 notifies this change to the radio
interface 201, such that the radio interface 201 will deter-
mine portions to be transmitted or recerved according to this
information.

The processing up to this point constitutes the method for
broadcasting the media access control identifier correspond-
ing to the information type to be received, from the radio
base station 100 to the radio terminal 200.

In the following, the processing procedure for conveying,
the user data up to the radio terminal 200 1n the case where
the radio base station 100 actually receives the user data
destined to the information type to be received. This pro-
cessing procedure 1s slightly different for the case of point-
to-point and the case of point-to-multipoint so that these two
cases will be described separately.

First, the case of point-to-point will be described. FIG. 3
shows the exemplary procedure in the case of point-to-point.

The radio terminal 200 recognizes the existence of the
radio base station 100 by receiving the {first broadcast
channel 401 transmitted by the radio base station 100, and
the media access control identifier and the information type
identifier are dynamically set in correspondence by estab-
lishing association with the radio base station 100.

More specifically, the radio terminal 200 first transmits a
point-to-point radio channel connection request message
toward the radio base station 100 using the random access
channel 404. This connection request message contains at
least the terminal ID which is the information type identifier.

When this connection 1s possible, the media access con-
trol 1denfifier management unit 104 of the radio base station
100 creates the correspondence table for the information
type 1dentifier in the connection request message and the
unused media access control 1dentifier corresponding to it.
Now, if the information type identifier 1s “terminal ID-3" as
shown 1n FIG. 4, the media access control identifier “#6” 1s
defined 1n correspondence to it in FIG. 3, for example.

The radio base station 100 returns a set of the information
type 1dentifier and the media access control identifier as a
response message to that connection request message, using
the second broadcast channel 406.

Upon receiving this response message, the radio terminal
200 registers that media access control i1dentifier into the
table 1n the media access control 1dentifier management unit
204.

Next, the radio base station 100 sets up a point-to-point
control channel with respect to the radio terminal 200. This
control channel comprises the individual control channel
408 and the individual control channel 411, and the setting
for ensuring the connectivity in the network layer level is
made here. If information on the left column of the infor-
mation type identifier (such as “terminal-3” for example) is
not contained 1n the connection request message, the setting
of that value 1s made at this stage.

Utilizing the individual control channel 408 and the
individual control channel 410 that are set up in this way, 1t
1s possible to set up the datalink connection by a request
from either the radio terminal 200 or the radio base station
100. The user information 1s usually transmitted through this
datalink connection. In other words, the channels utilized by
the datalink connection are the user data channel 409 and the
user data channel 412. At the same time, a datalink control
connection to be used 1n carrying out the exchange of ARQ
(Automatic Repeat Request) information with respect to the
user 1nformation 1s set up 1n conjunction with the datalink
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connection. The channels utilized by this datalink control
connection are the datalink control channel 410 and the
datalink control channel 413. In general, 1t 1s possible to set
up a plurality of datalink connections between one radio
terminal 200 and the radio base station 100, so that each
datalink connection has a datalink connection 1dentifier
which 1s unique with respect to a given media access control
identifier. There are cases where information on this datalink
connection 1dentifier 1s added to information on a set of the
media access control identifiers and the time-slot position
relationship that 1s broadcast by the frame control channel
402. Note that what 1s described here also apply to the other
procedures described below.

Now, when the radio base station 100 receives data
through the wire interface 107 at this point, the data are
ogrven to the relay unit 106.

The relay unit 106 inquires to the media access control
identifier management unit 104 about the media access
control 1dentifier corresponding to the information type
identifier that either directly or indirectly indicates the
destination of that data. When this happens to be information
equivalent to destined to “terminal-3”, the media access
control identifier “#6” will be obtained from FIG. 3 (which
1s additionally registered as described above even though 1t
is not shown in FIG. 3). The relay unit 106 requests the user
information transmission and reception unit 105 to transmat
that data using the time-slot corresponding to the media
access control identifier “#6” so obtained.

The user information transmission and reception unit 1035
requests the slot scheduling unit 103 to allocate the time-slot
corresponding to the media access control identifier “#6”.

The slot scheduling unit 103 allocates the time-slot cor-
responding to the media access control 1dentifier “#6”, and
also requests the control information transmission and
reception unit 102 to transmit this correspondence using the
frame control channel 402. At the same time, the slot
scheduling unit 103 also notifies the time-slot allocated to
the media access control i1dentifier “#6” to the user infor-
mation transmission and reception unit 1035.

The user information transmission and reception unit 1035
transmits the data whose transmission 1s requested by the
relay unit 106, using the time-slot allocated by the slot
scheduling unit 103. For this transmission, the user data
channel 409 1s used.

When the control information transmission and reception
unit 202 of the radio terminal 200 receives the frame control
channel 402 through the radio interface 201, information

contained 1n 1t 1s given to the slot selection unit 2035.

The slot selection unit 205 determines the time-slot to be
received from a combination of that information and mfor-
mation regarding the media access control i1dentifier to be
received that 1s obtained by inquiring to the media access
control identifier management unit 204, and commands the
radio interface 201 to receive that time-slot.

In accordance with this command, the radio interface 201
receives the data transmitted by the user information trans-
mission and reception unit 105, and gives the recerved user
information portion to the user information transmission and
reception unit 203.

Note that, usually, 1n the case of point-to-point, the uplink
channels from the radio terminal 200 to the radio base
station 100 are also set up. Namely, in the case where the
user 1information 1s to be transmitted from the radio terminal
200, the frame control channel 402 received at the radio
interface 201 1s sent to the slot selection unit 205 via the
control information transmission and reception unit 202.
Then, the slot selection unit 205 commands the timing for
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transmission to the user information transmission and recep-
tion unit 203, and the user information transmission and
reception unit 203 sends that user information to the radio
interface 201. This user information 1s then transmitted
using the uplink user data channel 412.

Note also that what i1s to be transmitted from the user
information transmission and reception unit 203 includes not
just the user mmformation but also an ARQ message with
respect to the received user information. A procedure for
transmitting this ARQ message 1s exactly the same as a
procedure for transmitting the user information described
above, but the datalink control channel 413 will be used for
this. Similarly, the datalink control channel 410 will be used
for the ARQ message with respect to the uplink user
information.

Next, the case of point-to-multipoint will be described.

In this embodiment, 1t 1s assumed that ID of the multicast
information to be received by the radio terminal 200 1s set
in advance 1n the radio terminal 200 itself. Also, the media
access control 1dentifier management unit 104 of the radio
base station 100 creates in advance a correspondence table
for the multicast information type i1dentifier and the media
access control identifier corresponding to it as shown 1n FIG.
3.

The radio base station 100 regularly broadcasts a set of the
information type i1dentifier and the media access control
identifier using the second broadcast channel 406 as
described above.

Upon receiving this, the radio terminal 200 registers the
media access control identifier into the table m the media
access control identifier management unit 204 as shown 1n
FIG. 4.

The handling from this point on can take one of the
following two forms depending on the characteristic of the
multicast traffic.

The first form 1s a form 1n which the point-to-multipoint
tratfic 1s umdirectional from the radio base station 100 to a
plurality of radio terminals, so that the traffic from the radio
terminal 200 contains no user information and no ARQ
information, and there 1s no need to adjust parameters with
respect to this unidirectional traffic in advance. Namely, it 1s
cither the case where the radio terminal 200 already knows
the traffic parameters as known ones at a stage where the
radio terminal 200 knows the multicast information type
identifier, or the case where the radio terminal 200 can
accept the traffic of the user information using that infor-
mation type 1dentifier no matter what 1t 1s. This form will be
referred to as the “broadcast type multicast”™.

In this embodiment, in the case of the broadcast type
multicast, there 1s no need for the radio base station 100 to
care which radio terminals will be actually receiving this
tratfic. Also, there 1s no need for the uplink ARQ information
or user information, so that it will be a service without a
confirmation as to whether the user information has reached
or not with respect to the radio terminal 200. Also, there 1s
no need for the radio terminal 200 side to 1nitiate any action
with respect to the radio base station 100. FIG. 6 shows the
exemplary procedure 1n this case.

Note that, as shown 1n FIG. 6, the set up of the datalink
connection and the datalink control connection associated
with 1t can be omitted in the case where the uplink ARQ
information with respect to the downlink multicast user
information transmission 1s unnecessary. However, the
datalink connection identifier can be utilized without requir-
ing an explicit set up of the datalink connection and the
datalink control connection. These points also apply to the
other procedure for the broadcast type multicast described
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below. An example 1n which the datalink connection 1den-
tifier 1s utilized for the purpose of multiplexing the user
information will be described later as the fifth embodiment.

The second form 1s a form 1n which the point-to-multi-
point traffic 1s unidirectional from the radio base station 100
to a plurality of radio terminals, but there 1s a need to return
the user information and/or the ARQ 1information 1n
response to 1t from the radio terminal 200. This form will be
referred to as “bidirectional type multicast”.

In this embodiment, 1n the case of the bidirectional type
multicast, there 1s a need to transmit the uplink unicast
connection request message for the multipoint traffic from
the radio terminal 200 to the radio base station 100 using the
random access channel 404, similarly as in the case of
point-to-point. Such a connection request message regarding
the multicast 1s created by the multicast control unit 206,
orven to the control information transmission and reception
unit 202, and transmitted from there through the radio
interface 201. As a result, the individual control channel 408
and the individual control channel 411 are set up. In the case
where there 1s a need to transmit only the ARQ 1nformation,
it 1s necessary to set up the datalink control channel 410 and
the datalink control channel 413 1n addition to them. Also,
in the case where there 1s a need to transmit the user
information on the uplink side, it 1s necessary to set up the
user data channel 409 and the user data channel 412 1n
addition to the datalink control channel 410 and the datalink
control channel 413. Here, however, there can be cases
where the set up of the downlink user data channel 409 1s
omitted as 1t 1s not used. The set up of these channels is
carried out by the procedure similar to that in the case of
point-to-point. Note however that this set up can takes place
cither before or after the notification of the point-to-multi-
point media access control identifier. FIG. 7 shows the
exemplary procedure 1n the case of carrying out the set up
after the notification.

Here, 1n FIG. 7, 1n the case where there 1s a need for the
uplink ARQ mformation with respect to the downlink mul-
ticast user information, the datalink connection and the
datalink control connection associated with 1t for the mul-
ticast are set up. The datalink control connection for the
multicast 1s set up either individually using the datalink
control channel 413 with respect to a plurality of radio
terminals, or using the random access channel 404.

In the former case, there 1s a need to allocate the media
access control 1dentifiers separately to the datalink control
channels for different radio terminals. Otherwise, each radio
terminal cannot distinguish the time-slot allocated to the
own radio terminal from those of the other radio terminals
from the information contained in the frame control channel
402. There 1s a possibility for a collision to occur as a
plurality of radio terminals attempt to use the same time-slot
simultaneously. The media access control identifier to be
allocated can be the same as that allocated to the radio
terminal 200 for the point-to-point 1n the case where there 1s
no downlink point-to-point user information, but 1t 1s prei-
erable to allocate another media access control identifier 1n
the case where there 1s a downlink point-to-point user
information. Otherwise, the radio base station 100 will
require a separate method for distinguishing whether 1t 1s the
ARQ mnformation regarding the downlink multicast user
information or the ARQ information regarding the downlink
point-to-point user information. Alternatively, a manage-
ment method in which the datalink connection identifier
becomes unique for the downlink multicast user information
and the downlink point-to-point user information 1s also
possible. In either case, the radio base station 100 and the
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radio terminal 200 have a function for managing the corre-
spondence between the media access control identifier for
the uplink datalink control channel with respect to the
downlink multicast and the media access control 1dentifier
for the downlink multicast.

In the latter case of using the random access channel 404,
the media access control identifier for the multicast can be
used for the datalink control channel. The random access
channel 404 1s set up from the beginning on an assumption
that the time-slots will be commonly used by a plurality of
radio terminals, so that 1t usually has a function for resolving
collisions, although it will not be described 1n detail here.

The above noted points also apply to the other procedure
for the bidirectional type multicast described below.

Now, 1n the following, the above described procedure for
managing correspondence between the media access control
identifier for the uplink datalink control channel and the
media access control i1dentifier for the downlink multicast
will be described 1n further detail for a case where the radio
terminal 200 requests a set up of the datalink control
connection for the downlink multicast.

FIG. 8 shows an exemplary configuration of the radio
base station 100 and the radio terminal 200 1n this case. The
radio base station of FIG. 8 has a datalink control unit 108
added to the radio base station of FIG. 1, and the radio
terminal of FIG. 8 has a datalink control unit 207 added to
the radio terminal of FIG. 1.

In the procedure of FIG. 7, there 1s no downlink point-
to-point user information, but 1t may possibly be set up and
used afterward. For this reason, the uplink datalink control
channel 413 will be allocated to the downlink multicast user
information and the downlink point-to-point user informa-
tion from the beginning such that the radio base station 100
side can 1dentity it by the media access control identifier. In
other words, 1t 1s allocated with a media access control
identifier different from that allocated by the media access
control 1dentifier allocation for the uplink in FIG. 7.

The datalink control unit 207 issues a request for setting,
up the datalink control connection for the downlink multi-
cast, This request contains “terminal-3” and the downlink
multicast media access control identifier “#3”.

Upon recerving this request, the control information trans-
mission and reception unit 202 requests the radio interface
201 to transmit this request using the uplink individual
control channel 411.

The radio mterface 201 transmits this request by utilizing
the time-slot which 1s indicated as corresponding to the
individual control channel 411 by the slot selection unit 2085.

This request 1s given to the datalink control unit 108 via
the radio interface 101 and the control information trans-
mission and reception unit 102.

The datalink control unit 108 recognizes that 1t 1s a
datalink connection set up request from “terminal-3” with
respect to the downlink multicast of the media access control
identifier “#3”, and requests the media access control 1den-
fifier management unit 104 to allocate an uplink datalink
control media access control 1dentifier with respect to this.

The media access control 1dentifier management unit 104
allocates an unallocated media access control 1dentifier, say
“#9” for example, to the information type identifier of the
datalink control information from “terminal-3” with respect
to the media access control identifier “#3” (or “multicast-
17). As a result, the correspondence table of the media access
control identifier management unit 104 becomes as shown in
FIG. 9.

The datalink control unit 108 includes the allocated media
access control identifier “#9”, “terminal-3”, and the down-
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link multicast media access control identifier “#3” in the
datalink connection set up response.

This response 1s transmitted using the individual control
channel 408 destined to the radio terminal 200 which 1is
allocated by the slow scheduling unit 103, via the control
information transmission and reception unit 102 and the
radio interface 101.

The datalink control unit 207 receives this response via
the radio interface 201 and the control information trans-
mission and reception unit 202, and requests the media
access control identifier management unit 204 to store a
correspondence between the mmformation type identifier of
the datalink control information with respect to the media
access control identifier “#3” (or “multicast-1") and the
media access control 1dentifier “#9”. As a result, the corre-
spondence table of the media access control 1dentifier man-
agement unit 204 becomes as shown 1n FIG. 10.

Note that, in the case of the downlink multicast, the
datalink control unit 207 can be operated according to an
interpretation that the datalink connection corresponding to
the datalink connection 1dentifier associated with the incom-
ing user information 1s already set up.

The datalink control unit 207 transmits information such
as a failure to receive a sequence number “#X” of the
datalink connection identifier “#1” (NACK) using the
datalink control channel 410 that was set up. At this point,
the media access control identifier corresponding to infor-
mation that was not received and the media access control
identifier corresponding to the datalink control channel are
different, so that there 1s a need to make a correspondence
between them according to information of FIG. 10 by
inquiring to the media access-control identifier management
unit 204.

The datalink control unit 108 controls the user informa-
fion transmission and reception unit 105 to retransmit the
lost user 1information.

Next, a procedure of a management such that the datalink
connection 1dentifier becomes unique for the downlink mul-
ticast user information and the downlink point-to-point user
information will be described 1n further detail for a case
where the radio terminal 200 requests a set up of the datalink
control connection for the downlink multicast.

In this case, the configuration of the radio base station 100
and the radio terminal 200 1s the same as that of FIG. 8.

In the procedure of FIG. 7, there 1s no downlink point-
to-point user information, but 1t 1s assumed to be set up and
used afterward. For this reason, the uplink datalink control
information will be allocated to the downlink multicast user
information and the downlink point-to-point user informa-
tion such that the radio base station 100 side can identify 1t
by the datalink connection identifier. The datalink control
connection 1s 1dentical for the downlink multicast user
information and the uplink/downlink point-to-point, and has
the same media access control identifier (“#8” with respect
to “terminal-3” for example).

The datalink control unit 108 1s assumed to be managing,
the datalink connection identifier as shown 1n FIG. 11. A
target media access control identifier column registers the
media access control identifier of the user data channel to
which a datalink control target datalink connection will be
multiplexed, a control mnformation media access control
identifier column registers the media access control 1denti-
fier of a datalink control channel to be used for that control
(which will be provided at least as many as the number of
receiving terminals 1n the case of the datalink connection
identifier for the multicast, but which will be left blank 1n the
case of not carrying out the datalink control), and a datalink
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connection 1dentifier column registers the datalink connec-
tion 1dentifiers for 1dentifying a plurality of datalink con-
nections to be multiplexed to the above noted user data
channel. In an example of FIG. 11, 1t 1s assumed that the
unicast media access control 1dentifier “#1” 1s allocated to
“terminal-1" and the unicast media access control 1dentifier
“#8” 1s allocated to “terminal-3”.

At a time of start transmitting new downlink multicast
user information, the datalink control unit 108 searches
through the target media access control i1dentifier column
using the media access control identifier “#3” allocated to
that multicast as a key, to obtain a record (information given
by a set of the target media access control identifier, the
control information media access control 1dentifier and the
datalink connection identifier) for that multicast. Then, the
already used datalink connection identifiers are obtained
from the datalink connection identifier information in the
record for that multicast, and removed from the new allo-
cation target. For example, if “#2” 1s already used, “#2” 1s
removed.

In addition, the datalink control unit 108 obtains the
control information media access control 1identifier from the
record for that multicast, and searches through the target
media access control identifier column again using these
“#1” and “#8” to obtain the record for the unicast this time.
Here 1t 1s assumed that values of the unicast media access
control identifiers for terminals that receive that multicast
are set 1n the control information media access control
identifier column. Then, the already used datalink connec-
tion 1dentifiers are obtained from the datalink connection
identifier information in the record for that unicast, and
removed from the new allocation target. Namely, “#0” and
“#1” are removed.

An appropriate value, say “#3”, 1s selected from a space
of numbers available for allocation that have survived up to
this point, and allocated as the datalink connection 1dentifier
for that multicast. Then, a record consisting of a set of the
tarcet media access control identifier “#3”, the control
mnformation media access control identifiers “#1”7 and “#8”,
and the datalink connection identifier “#3” 1s added to the
management table. The value of this datalink connection
identifier will be attached to the user information to be
transmitted by that multicast, as the control mformation.

Note that it 1s possible to omit the above described
procedure regarding the search of the record for the unicast
by separating 1in advance the datalink connection i1dentifier
number spaces for the multicast and for the unicast.

The correspondence among the media access control
identifier, the newly allocated datalink connection 1dentifier
and the information type identifier for the multicast 1s
notified by a method to be described 1n the fifth embodiment
for example. The datalink control unit 207 receives this
notification and adds a record consisting of a set of the target
media access control 1dentifier “3”, the control information
media access control 1identifier “#8”, and the datalink con-
nection 1dentifier “#3”, to the management table shown 1n
FIG. 12. The target media access control 1identifier “#3” and
the datalink connection identifier “#3” are contained 1n the
broadcast mformation to be described 1n the fifth embodi-
ment. The control information media access control 1denti-
fier “#8” 1s a value already given for the own unicast. In this

way, the radio terminal 200 becomes capable of using the
datalink control channel 410.

The datalink control unit 207 transmits information such

as a failure to receive a sequence number “#X” of the
datalink connection identifier “#1” (NACK) for “multicast-
1”7 using the datalink control channel 410 that was set up. At
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this point, the media access control identifier corresponding
to information that was not received and the media access
control identifier corresponding to the datalink control chan-
nel are different, so that the media access control 1dentifier
for the own terminal (unicast) 1s ascertained by inquiring to
the media access control 1dentifier management unit 204,
and the datalink control channel 410 corresponding to that
media access control 1dentifier 1s used.

The datalink control unit 108 controls the user 1nforma-
fion transmission and reception unit 105 to re-transmit the
lost user 1information.

In either one of the above described cases, the following,
operations are common.

Namely, when the radio base station 100 receives data
through the wire interface 107, this data 1s given to the relay
unit 106.

The relay umit 106 inquires the media access control
identifier management unit 104 about the media access
control 1dentifier corresponding to the information type
identifier that directly or indirectly indicates the destination
of that data. Here, it 1s assumed that the information type
identifier 1s “multicast-3”. Then, the media access control
identifier “#3” 1s obtained. The relay unit 106 requests the
user 1nformation transmission and reception unit 105 to
transmit that data using the time-slot corresponding to the
media access control 1dentifier “#3” so obtained.

The user information transmission and reception unit 1035
requests the slot scheduling unit 103 to allocate the time-slot
corresponding to the media access control 1dentifier “#3”.

The slot scheduling unit 103 allocates the time-slot cor-
responding to the media access control 1dentifier “#3”, and
requests the control information transmission and reception
unit 102 to transmit this correspondence using the frame
control channel 402. At the same time, the slot scheduling
unit 103 notifies the time-slot allocated to the media access
control 1dentifier “#3” to the user information transmaission
and reception unit 105.

The user information transmission and reception unit 1035
transmits the data whose transmission 1s requested by the
relay unit 106, using the time-slot allocated by the slot
scheduling unit 103.

When the control information transmission and reception
unit 202 of the radio terminal 200 receives the frame control
channel 402 through the radio interface 201, the information
contained 1n 1t 1s given to the slot selection unit 2085.

The slot selection unit 205 determines the time-slot to be
received from a combination of that information and the
information regarding the media access control identifier to
be received that 1s obtained by inquiring to the media access
control identifier management unit 204, and commands the
radio interface 201 to received that time-slot.

According to this command, the radio interface 201
receives the data transmitted by the user information trans-
mission and reception unit 105, and gives it to the user
information transmission and reception unit 203.

Referring now to FIG. 13 to FIG. 16, the second embodi-
ment of a radio communication system according to the
present invention will be described 1n detail.

The second embodiment 1s similar to the first embodiment
as far as the handling of the point-to-point 1s concerned, but
a way of realizing the point-to-multipoint 1s different. In the
following, the differences from the first embodiment will be
mainly described.

The media access control 1dentifier management unit 104
of the radio base station 100 and the media access control
identifier management unit 204 of the radio terminal 200 are

similar to those of FIG. 3 and FIG. 4, but unlike the first
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embodiment, the correspondence between the multicast
media access control i1dentifier and the information type
identifier 1s not notified to all the radio terminals located 1n
that area. Namely, there 1s provided an information regard-
ing which radio terminals are actually requiring the infor-
mation on the correspondence, and the information on the
media access control 1identifier 1s given by way of a message
destined to such a radio terminal. However, because 1t 1s the
point-to-multipoint communications, the media access con-
trol identifier allocated by the radio base station 100 with
respect to the same multicast communication transmission
request from a plurality of radio terminals will be 1dentical.

There are following two methods for comprehending
radio terminals that will receive the multicast, for example.

(1) A method in which those radio terminals that wish to
receive a certain multicast communication (broadcasting, for
example) are to make a request for the notification of the
media access control identifier for the purpose of that
multicast communication to the radio base station 100.

(2) A method in which a correspondence table of an ID of
cach radio terminal 200 and the information type 1dentifiers
of the multicasts that each radio terminal 200 wishes to
receive 1s provided at the radio base station 100 side (or at
a server within a wire network 300 located beyond that), and
the radio base station 100 notifies values of the media access
control identifiers for the required multicast communica-
tions from that table to that radio terminal 200 when that
radio terminal 200 makes the location registration to the
radio base station 100.

Moreover, there 1s a difference between the broadcast type
multicast and the bidirectional type multicast similarly as in
the first embodiment, in each one of these methods. In the
following, examples of these four cases will be described
one by one.

First, the method (1) in the broadcast type multicast will
be described. FIG. 13 shows the exemplary procedure 1 this
case.

The radio terminal 200 creates the downlink multicast
connection request message containing “terminal ID” and
the information type 1dentifiers of “multicast-3” and “group
ID-3” at the multicast control unit 206, and this message 1s
transmitted to the radio base station 100 via the control
information transmission and reception unit 202 and the
radio interface 201.

Upon receiving this connection request message using the
random access channel 404, the radio base station 100
broadcasts a message indicating that a specific terminal ID
1s set as the destination, and a pair of the received informa-
tion type identifier and the media access control 1dentifier
corresponding to that information type identifier which is
allocated by the media access control 1identifier management
unit 104, using the second broadcast channel 406.

Although the same broadcast channel 1s used, 1n contrast
to the first embodiment where the information reception and
the content comprehension are requested to all the radio
terminals, this embodiment differs 1n that the channel des-
tined to the specific radio terminal 1s sent so that radio
terminals other than the corresponding one will receive the
message but discard 1t without looking into its content.

After recerving the second broadcast channel 406 destined
to the own terminal, the radio interface 201 of the radio
terminal 200 gives its content to the media access control
identifier management unit 204 via the control information
transmission and reception unit 202. Then, the media access
control identifier 1s registered into the table in a manner of
FIG. 4, and its value 1s given to the slot selection unit 205.
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Note that there can be cases where the radio terminal 200
has already established association with respect to the radio
base station 100 for the point-to-point connection, by the
method similar to that of FIG. § prior to the procedure of
FIG. 13. In such cases, the allocation of the multicast media
access control identifier can be realized by utilizing the
individual control channel 408 destined to that radio termi-
nal 200, or the user data channel 409 destined to that radio
terminal 200 depending on cases. The correspondence
between the media access control identifiers and the time-
slots allocated to these channels by the slot scheduling unit
103 1s notified by the frame control channel 402, and the
radio interface 201 of that radio terminal 200 receives the
time-slot corresponding to the media access control 1denti-
fier allocated to that radio terminal 200 according to the
command of the slot selection unit 205. Note that this point
1s the same 1n the procedures to be described below with
references to FIG. 14 to FIG. 16 and FIG. 26 to FIG. 28.

Note also that, in FIG. 13, the multicast connection
request message and the multicast media access control
identifier allocation message 1n FIG. 13 constitute one set of
messages so that the correspondence between the multicast
information type identifier and the media access control
identifier 1s obvious to the radio terminal 200 even 1if the
multicast information type i1dentifier information is omitted
in the multicast media access control identifier allocation
message.

Although the above description presupposes that an
appropriate pair of the information type identifier and the
media access control identifier 1s registered in the table of
the media access control idenfifier management unit 104
with respect to the connection request message from the
radio terminal 200, there 1s no guarantee that such a pair
always exists. Namely, such a pair may not exist in the table
of the media access control 1dentifier management unit 104
when signals of the multicast requested by the radio terminal
200 are not received from a server in the wire network 300
yet because there 1s no other radio terminal that has received
them until then. In such a case, the radio base station 100
requests reception of these multicast signals with respect to
the wire network 300 side. Also, the radio base station 100
registers a pair of a new multicast information type identifier
and a new media access control identifier corresponding to
it into the table of the media access control identifier
management unit 104. A possibility for such a situation to
arise 1s always present 1n the case where the radio terminal
200 1ssues the connection request message requesting recep-
tion of the multicast as 1n the bidirectional type multicast of
the first embodiment, for example.

As another such case, there can be cases where the
requested multicast signals were reaching to the wire inter-
face 107 but these multicast signals were discarded because
there has been no need for receiving them and relaying them
to the radio mterface 101 side, 1.e., there has been no radio
terminal that required these mulficast signals. In such cases,
reception of the mulficast signals 1s started at the wire
interface 107 and relaying to the radio interface 101 side 1s
started through the relay unit 106. Note that the multicast
signals may be discarded at a portion other than the wire
interface 107 such as the relay unit 106 for example.
Depending on the layer for realizing the relaying, the radio
base station 100 1s required to have a learning bridge or a
switch in the case of the layer 2 relaying, a multicast router
in the case of the layer 3 relaying, or a gateway function in
the case of the higher level relaying.

Note that there 1s only one radio terminal 200 that receives
the multicast in the above, and this situation can be handled
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cither as the unicast case or as the multicast case depending
on the system, but this embodiment is not limited to either
way of handling.

Next, the method (2) in the broadcast type multicast will
be described. FIG. 14 shows the exemplary procedure 1n this
case.

When the radio terminal 200 makes the location registra-
fion, the radio base station 100 obtains information regard-
ing the group ID of the multicast that radio terminal 200
should receive, from the table of the media access control
identifier management unit 104 in the radio base station 100,
or from a server 1n the wire network 300, or else from
information communicated before moving 1n the case where
that radio terminal 200 has moved from the other radio base
station by the handover.

Then, when 1t 1s ascertained that this radio terminal 200
1s requesting acquisition of the user mmformation regarding
the mnformation type identifier of “multicast-3” and “group
ID-3”, the radio base station 100 broadcasts a message
indicating that a specific terminal ID 1s set as the destination,
and a pair of this information type i1dentifier and the media
access control 1dentifier corresponding to that information
type 1dentifier which 1s allocated by the media access control
identifier management unit 104, using the second broadcast
channel 406.

After receiving the second broadcast channel 406 destined
to the own terminal, the radio interface 201 of the radio
terminal 200 gives 1ts content to the media access control
identifier management unit 204 via the control information
transmission and reception unit 202. Then, the media access
control identifier 1s registered 1nto the table in a manner of
FIG. 4, and its value 1s given to the slot selection unit 205.

Next, the method (1) in the bidirectional type multicast
will be described. FIG. 15 shows the exemplary procedure
in this case.

The radio terminal 200 sends the downlink multicast/
uplink unicast connection request message containing both
the information type 1dentifiers of “multicast-3” and “group
ID-3” and the information type identifier of the radio ter-
minal 200, to the radio base station 100.

Upon rece1ving this connection request message using the
random access channel 404, the radio base station 100 newly
allocates the uplink unicast media access control identifier at
the media access control i1dentifier management unit 104.
Then, the radio base station 100 broadcasts a message
indicating that a specific terminal ID 1s set as the destination,
and a pair of the received information type 1dentifier and the
media access control 1identifier corresponding to 1t, using the
second broadcast channel 406, for each one of the downlink
multicast and the uplink unicast.

As a result, the individual control channel 408 and the
individual control channel 411 are set up for the uplink
unicast. In the case where there 1s a need to transmit only the
ARQ mformation, 1t 1s necessary to set up the datalink
control channel 410 and the datalink control channel 413 1n
addition to them. Also, 1n the case where there 1s a need to
transmit the user information on the uplink side, it 1is
necessary to set up the user data channel 409 and the user
data channel 412 1n addition to the datalink control channel
410 and the datalink control channel 413. Note however that
there can be cases where the downlink user data channel 409
1s not set up as 1t will not be used. These settings are made
by the procedure similar to the case of point-to-point.

After recerving the second broadcast channel 406 destined
to the own terminal, the radio interface 201 of the radio
terminal 200 gives its content to the media access control
identifier management unit 204 via the control information
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transmission and reception unit 202. Then, two media access
control 1identifiers are registered 1nto the table 1n a manner of
FIG. 4, and their values are given to the slot selection unit
205.

Note that this embodiment uses a message format for
requesting both uplink and downlink connections simulta-
neously, but 1t 1s also possible to define them separately.

Next, the method (2) in the bidirectional type multicast
will be described. FIG. 16 shows the exemplary procedure
in this case.

When the radio terminal 200 makes the location registra-
tion, the radio base station 100 obtains information regard-
ing the group ID of the multicast that radio terminal 200
should receive, from the table of the media access control
identifier management unit 104 1n the radio base station 100,
or from a server 1in the wire network 300, or else from
information communicated before moving in the case where
that radio terminal 200 has moved from the other radio base
station by the handover.

Then, when 1t 1s ascertained that this radio terminal 200
1s requesting acquisition of the user mmformation regarding
the mnformation type i1dentifier of “multicast-3” and “group
ID-37, the radio base station 100 broadcasts a message
indicating that a specific terminal ID 1s set as the destination,
a pair of the downlink multicast information type identifier
and the media access control 1dentifier corresponding to it,
and a pair of the uplink unicast information type i1dentifier
and the media access control 1dentifier corresponding to it,
using the second broadcast channel 406.

After receiving the second broadcast channel 406 destined
to the own terminal, the radio interface 201 of the radio
terminal 200 gives 1ts content to the media access control
identifier management unit 204 via the control information
transmission and reception unit 202. Then, two media access
control identifiers are registered 1nto the table in a manner of
FIG. 4, and their values are given to the slot selection unit
205.

In any one of the above described multicast cases, the
following operations are common.

Namely, when the radio base station 100 receives data
through the wire interface 107, this data 1s given to the relay
unit 106.

The relay umit 106 mquires the media access control
identifier management unit 104 about the media access
control 1dentifier corresponding to the information type
identifier that directly or indirectly indicates the destination
of that data. Here, it 1s assumed that the information type
identifier 1s “multicast-3”. Then, the media access control
identifier “#3” 1s obtained. The relay unit 106 requests the
user 1nformation transmission and reception unit 105 to
transmit that data using the time-slot corresponding to the
media access control identifier “#3” so obtained.

The user information transmission and reception unit 1035
requests the slot scheduling unit 103 to allocate the time-slot
corresponding to the media access control 1dentifier “#3”.

The slot scheduling unit 103 allocates the time-slot cor-
responding to the media access control identifier “#3”, and
requests the control information transmission and reception
unit 102 to transmit this correspondence using the frame
control channel 402. At the same time, the slot scheduling
unit 103 notifies the time-slot allocated to the media access
control identifier “#3” to the user information transmission
and reception unit 105.

The user information transmission and reception unit 1035
transmits the data whose transmission 1s requested by the
relay unit 106, using the time-slot allocated by the slot
scheduling unit 103.
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When the control information transmission and reception
unit 202 of the radio terminal 200 receives the frame control
channel 402 through the radio interface 201, the information
contained 1n 1t 1s given to the slot selection unit 205.

The slot selection unit 205 determines the time-slot to be
recerved from a combination of that information and the
information regarding the media access control 1dentifier to
be received that 1s obtained by inquiring to the media access

control identifier management unit 204, and commands the
radio 1nterface 201 to received that time-slot.

According to this command, the radio interface 201
receives the data transmitted by the user information trans-
mission and reception unit 105, and gives 1t to the user
information transmission and reception unit 203.

Referring now to FIG. 17 and FIG. 18, the third embodi-

ment of a radio communication system according to the
present mvention will be described 1n detail.

The third embodiment 1s directed to the case where some
user information 1s to be broadcast from the radio base
station 100 to all the radio terminals located 1n the area of
that radio base station 100. Here, 1t 1s assumed that the
operation of the radio terminal 200 at a time of carrying out
the point-to-point communications 1s the same as 1n the first
embodiment. In the following, the differences from the first
embodiment will be mainly described.

The media access control identifier management unit 104
manages the correspondence between the information type
identifier and the media access control identifier by a cor-
respondence table as shown 1n FIG. 17. In this embodiment,
it 1s assumed that all the terminals that are located 1n the area
of the radio base station 100 will receive the time-slot
corresponding to the media access control identifier “#1”
that 1s allocated for the user broadcast channel.

The media access control identifier management unit 204
1s managing information on the information type i1dentifier to
be received by the radio terminal 200 by a correspondence
table as shown 1n FIG. 18. In this embodiment, 1t 1s assumed
that the correspondence between the information type 1den-
tifier “broadcast” and the media access control identifier
“#1” 1s set up 1n advance. Note that the media access control
identifier of the own terminal 1s set as unallocated to indicate
that the radio base station 100 1s not particularly aware of the
existence of that radio terminal.

If 1t 1s assumed that this media access control identifier
“#1” 1s an already known value 1n the radio communication
system, 1t 1s possible to have this value registered 1n the
correspondence tables of the radio base station 100 and the
radio terminal 200 from the beginning. However, 1n the case
where this value 1s different depending on the radio base
station 100 or varies 1n time even at the same radio base
station 100, there 1s a need for the radio base station 100 to
regularly broadcast a pair of the information type 1dentifier
“broadcast” and the media access control identifier corre-
sponding to it, using the second broadcast channel 406, for
example. Then, the radio mterface 201 of the radio terminal
200 that received this broadcast information sends this
information to the media access control i1dentifier manage-
ment unit 204 via the control information transmission and
reception unit 202 so as to reflect this information in the
correspondence table provided therein. Also, the media
access control identifier for the broadcast information 1s
ogrven from there to the slot selection unit 2085.

In the following, the processing in the case where the
radio base station 100 has received user data which has the

information type to be received as its destination will be
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described. This function 1s the broadcast so that there 1s no
user information or control mmformation 1n the uplink direc-
tion.

When the radio base station 100 receives data through the
wire 1nterface 107, this data 1s given to the relay unit 106.

The relay umit 106 inquires the media access control
identifier management unit 104 about the media access
control 1dentifier corresponding to the information type
identifier that directly or indirectly indicates the destination
of that data. Here, it 1s assumed that the information type
identifier 1s “broadcast”. Then, the media access control
identifier “#1” 1s obtained. The relay unit 106 requests the
user 1nformation transmission and reception unit 105 to
transmit that data using the time-slot corresponding to the
media access control identifier “#1” so obtained.

The user information transmission and reception unit 105
requests the slot scheduling unit 103 to allocate the time-slot
corresponding to the media access control 1identifier “#1”.

The slot scheduling unit 103 allocates the time-slot cor-
responding to the media access control 1dentifier “#1”, and
requests the control information transmission and reception
unit 102 to transmit this correspondence using the frame
control channel 402. At the same time, the slot scheduling
unit 103 notifies the time-slot allocated to the media access
control identifier “#1” to the user information transmission
and reception unit 1085.

The user information transmission and reception unit 1035
transmits the data whose transmission 1s requested by the
relay unit 106, using the time-slot allocated by the slot
scheduling unit 103.

When the control information transmission and reception
unit 202 of the radio terminal 200 receives the frame control
channel 402 through the radio interface 201, the information
contained 1n 1t 1s given to the slot selection unit 2035.

The slot selection unit 205 determines the time-slot to be
received from a combination of that information and the
information regarding the media access control identifier to
be received that 1s obtained by inquiring to the media access
control identifier management unit 204, and commands the
radio interface 201 to received that time-slot.

According to this command, the radio interface 201
receives the data transmitted by the user information trans-
mission and reception unit 105, and gives it to the user
information transmission and reception unit 203.

Note that the broadcast media access control identifier 1s
set to be “#1” 1n this embodiment, but there 1s also a method
for setting 1t to be identical to the media access control
identifier “#0” for the radio control broadcast information.
Namely, 1n such a case, what 1s actually the broadcast user
information will be transmitted through the radio control
broadcast channel.

Referring now to FIG. 19 and FIG. 20, the fourth embodi-
ment of a radio communication system according to the
present invention will be described 1n detail.

The fourth embodiment 1s directed to a mechanism by
which the broadcast media access control 1dentifier used 1n
the third embodiment can be used for all point-to-multipoint
communications. Here, 1t 1s assumed that the operation of
the radio terminal 200 at a time of carrying out the point-
to-point communications 1s the same as 1n the first embodi-
ment. In the following, the differences from the first embodi-
ment will be mainly described.

The media access control 1dentifier management unit 104
manages the correspondence between the information type
identifier and the media access control identifier by a cor-
respondence table as shown 1n FIG. 19. In this embodiment,
it 1s assumed that all the terminals that receive the multicast
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among the terminals that are located 1n the area of the radio
base station 100 will receive the time-slot corresponding to
the media access control identifier “#1” that 1s allocated for
all the multicast groups 1n advance.

The media access control identifier management unit 204
1s managing information on the information type i1dentifier to
be received by the radio terminal 200 by a correspondence
table as shown 1n FIG. 20. In this embodiment, because the
radio terminal 200 belongs to the multicast groups of “group
ID-2” and “group ID-3", 1t 1s necessary to set the corre-
spondence between the information type identifier “all mul-
ficast” and the media access control i1dentifier “#1” 1n the
table. Note that the media access control i1dentifier of the
own terminal 1s set as unallocated to indicate that the radio
base station 100 1s not particularly aware of the existence of
that radio terminal.

If 1t 1s assumed that this media access control 1dentifier
“#1” 1s an already known value 1n the radio communication
system, 1t 1s possible to have this value registered in the
correspondence tables of the radio base station 100 and the
radio terminal 200 from the beginning. However, 1n the case
where this value 1s different depending on the radio base
station 100 or varies 1n time even at the same radio base
station 100, there 1s a need for the radio base station 100 to
regularly broadcast a pair of the information type 1dentifier
“all multicast” and the media access control 1identifier cor-
responding to it, using the second broadcast channel 406, for
example. Then, the radio interface 201 of the radio terminal
200 that received this broadcast information sends this
information to the media access control 1dentifier manage-
ment unit 204 via the control information transmission and
reception unit 202 so as to reflect this information 1n the
correspondence table provided therein. Also, the media
access control identifier for the broadcast information is
ogrven from there to the slot selection umt 205.

There 1s also a method 1n which the radio terminal 200
requests reception of the multicast to the radio base station
100 and obtains the media access control 1dentifier for the
corresponding multicast, as in the second embodiment. The
procedures of this method are the same as in the second
embodiment for both the broadcast type multicast and the
bidirectional type multicast.

In the following, the processing in the case where the
radio base station 100 has received user data which has the
information type to be received as its destination, assuming
that the multicast media access control identifier “#1” 1s
already set 1n the media access control i1dentifier manage-
ment unit 204 of the radio terminal 200 by the various
procedures described above, will be described. This function
1s the multicast so that user information or ARQ information
in the uplink direction may be present in the case of the
bidirectional type multicast, but the procedure 1n that case 1s
the same as 1n the first embodiment and the second embodi-
ment so that its description will be omitted here.

When the radio base station 100 receives data through the
wire 1nterface 107, this data 1s given to the relay unit 106.

The relay unmit 106 inquires the media access control
identifier management umt 104 about the media access
control 1dentifier corresponding to the information type
identifier that directly or indirectly indicates the destination
of that data. Here, it 1s assumed that the information type
identifier 1s the multicast of “group ID-2". Then, the media
access control identifier “#1” 1s obtained. The relay unit 106
requests the user information transmission and reception
unit 105 to transmit that data using the time-slot correspond-
ing to the media access control identifier “#1” so obtained.
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The user information transmission and reception unit 1035
requests the slot scheduling unit 103 to allocate the time-slot
corresponding to the media access control identifier “#1”.

The slot scheduling unit 103 allocates the time-slot cor-
responding to the media access control 1dentifier “#1”, and
requests the control information transmission and reception
unit 102 to transmit this correspondence using the frame
control channel 402. At the same time, the slot scheduling
unit 103 notifies the time-slot allocated to the media access
control 1dentifier “#1” to the user information transmaission
and reception unit 105.

The user information transmission and reception unit 1035
transmits the data whose transmission 1s requested by the
relay unit 106, using the time-slot allocated by the slot
scheduling unit 103.

When the control information transmission and reception
unit 202 of the radio terminal 200 receives the frame control
channel 402 through the radio mterface 201, the information
contained 1n 1t 1s given to the slot selection unit 2085.

The slot selection unit 205 determines the time-slot to be
received from a combination of that information and the
information regarding the media access control identifier to
be received that 1s obtained by inquiring to the media access
control identifier management unit 204, and commands the
radio interface 201 to received that time-slot.

According to this command, the radio interface 201
receives the data transmitted by the user information trans-
mission and reception unit 105, and gives it to the user
information transmission and reception unit 203. However,
the user information transmission and reception unit 203
cannot judge whether the received user information 1s really
destined to the own terminal or not when 1t 1S received,
because the user information for all the multicasts 1s deliv-
ered using the same media access control identifier. Conse-
quently, it 1s sent to the higher layer processing to judge
whether 1t 1s significant information for the own terminal or
not, and 1t 1s discarded at that layer if it 1s insignificant one.

Note that the broadcast media access control identifier 1s
set to be “#1” 1n this embodiment, but there 1s also a method
for setting 1t to be 1dentical to the media access control
identifier “#0” for the radio control broadcast information.
Namely, 1n such a case, what 1s actually the multicast user
information will be transmitted through the radio control
broadcast channel.

Referring now to FIG. 21 and FIG. 22, the fifth embodi-
ment of a radio communication system according to the
present 1nvention will be described 1n detail.

The fifth embodiment 1s directed to a method for handling
the multicast by using the datalink connection identifier
besides the media access control 1identifier. In the following,
the differences from the first embodiment will be mainly
described.

The media access control 1dentifier management unit 104
manages the correspondence among the media access con-
trol 1dentifier, the datalink connection 1dentifier and the
information type identifier by a correspondence table as
shown 1 FIG. 21. Here, a set of radio terminals that receive
“multicast-17 and a set of radio terminals that receive
“multicast-2” are different in general. In other words, there
can be “a group of radio terminals that receive both”, “a
group of radio terminals that receive only multicast-17, “a
ogroup of radio terminals that receive only multicast-2” and
“a group of radio terminals that do not receive either one”.

The media access control 1dentifier management unit 104
selects the speciiic correspondence among the information
type 1dentifier, the media access control identifier, and the
datalink connection 1dentifier at appropriate frequency, and
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requests the control information transmission and reception
unit 102 to transmit the selected correspondence using the
second broadcast channel 406. In the above described
example, the fact that “multicast-1" corresponds to a set of
the media access control identifier “#5” and the datalink
connection 1dentifier “#0” and the fact that “multicast-2”
corresponds to a set of the media access control 1dentifier
“#5” and the datalink connection identifier “#17 are
requested to be transmitted by the second broadcast channel

406.

Upon recerving this request, the control information trans-
mission and reception unit 102 requests the slot scheduling
unit 103 to allocate as many time-slots as required in
transmitting that correspondence (any other information to
be transmitted will also be included in the required amount)
to the second broadcast channel 406 in the media access
control frame 400. The control information transmission and
reception unit 102 transmits the allocated time-slots with
that correspondence mounted thereon through the radio
interface 101.

The control information transmission and reception unit
202 of the radio terminal 200 gives information on the
correspondence among the information type identifier, the
media access control identifier and the datalink connection
identifier to the media access control 1dentifier management
unit 204 when such a correspondence information 1s con-
tained 1n the second broadcast channel 406 received through
the radio interface 201.

The media access control identifier management unit 204
1s managing information on the information type i1dentifier to
be received by the radio terminal 200 by a correspondence
table as shown m FIG. 22. The media access control
identifier management unit 204 selects only what 1s related
to the 1nformation type identifier to be received by the radio
terminal 200 from the given information on the correspon-
dence among the information type identifier, the media
access control 1dentifier and the datalink connection 1denti-
fier, and registers the media access control identifier corre-
sponding to it 1nto the correspondence table of FIG. 22. The
correspondence table after the registration 1s shown 1n FIG.
22 for the case where the radio terminal 200 receives
“multicast-2” but does not receive “multicast-17.

The registration method for these tables 1s the same as in
the above described embodiments, especially the {first
embodiment and the second embodiment, so that its descrip-
tion will be omitted here. There can be the broadcast type
multicast and the bidirectional type multicast in this embodi-
ment as well. In particular, the method for separating the
number spaces of the datalink connection identifier for the
multicast and for the unicast in advance 1s also valid here.

In the following, the processing until the actual multicast
user mformation reaches to the radio terminal 200 will be
described.

When the radio base station 100 receives data through the
wire 1nterface 107, this data 1s given to the relay unit 106.

The relay unmit 106 inquires the media access control
identifier management unit 104 about a set of the media
access control 1dentifier and the datalink connection 1denti-
fier corresponding to the information type identifier that
directly or indirectly indicates the destination of that data. It
can be data destined to a specific terminal, but here it is
assumed that the information type identifier 1s “multicast-2".
Then, the set of the media access control identifier “#5” and
the datalink connection 1dentifier “#1” 1s obtained. The relay
unit 106 requests the user information transmission and
reception unit 105 to transmait that data using the time-slot
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corresponding to the set of the media access control 1den-
tifier “#5” and the datalink connection identifier “#1” so
obtained.

The user information transmission and reception unit 105
requests the slot scheduling unit 103 to allocate the time-slot
corresponding to the set of the media access control 1den-
tifier “#5” and the datalink connection identifier “#1”.

The slot scheduling unit 103 allocates the time-slot cor-
responding to the set of the media access control 1dentifier
“#5” and the datalink connection i1dentifier “#1”, and
requests the control information transmission and reception
unit 102 to transmit this correspondence using the frame
control channel 402. At the same time, the slot scheduling
unit 103 nofifies the time-slot allocated to the set of the
media access control 1dentifier “#5” and the datalink con-
nection 1dentifier “#1” to the user information transmission
and reception unit 105.

The user information transmission and reception unit 1035
transmits the data whose transmission was requested by the
relay unit 106, using the time-slot allocated by the slot
scheduling unit 103.

When the control information transmission and reception
unit 202 of the radio terminal 200 receives the frame control
channel 402 through the radio interface 201, the information
contained 1n 1t 15 g1ven to the slot selection unit 2085.

The slot selection unit 205 determines the time-slot to be
received from a combination of that imformation and the
information regarding the set of the media access control
identifier and the datalink connection 1dentifier to be
received that 1s obtained by inquiring to the media access
control identifier management unit 204, and commands the
radio interface 201 to received that time-slot.

According to this command, the radio interface 201
receives the data transmitted by the user information trans-
mission and reception unit 105, and gives 1t to the user
information transmission and reception unit 203.

Note that the first to fifth embodiments described so far
can be practiced 1 any suitable combination.

Referring now to FIG. 23 to FIG. 25, the sixth embodi-
ment of a radio communication system according to the
present invention will be described 1n detail.

The sixth embodiment 1s directed to a configuration that
utilizes a second radio communication path 1n addition to a
first radio communication path corresponding to a radio
communication path between the radio interface 101 and the
radio 1nterface 201 as described 1n the above embodiments.
In this embodiment, the first radio communication path 1is
utilized for communications in the downlink direction (a
direction from the radio base station to the radio terminal)
while the second radio communication path 1s utilized for
communications in the uplink direction (a direction from the
radio terminal to all devices connected to the wire network
such as the radio base station), and the bidirectional com-
munications are realized by their combination. In the fol-
lowing, this scheme will be referred to as “hybrid scheme”.
Note that there can be a case where the uplink direction of
the first radio communication path i1s 1mplemented but
simply not utilized and a case where 1t 1s not implemented
to begin with. In the following, the latter case will be
described 1n detail. It 1s also possible to utilize the second
radio communication path 1n the downlink direction as well.
In general, the first radio communication path and the
second radio communication path adopt different radio
schemes with different radio frequency, media access con-
trol scheme, etc.

The main difference between this embodiment and the
above described embodiments 1s that communications 1n the
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uplink direction are carried out by the second radio com-
munication path. Apart from this point, it 1s basically stmilar
to the above described embodiments. Also this embodiment
corresponds to the first embodiment among the above
described embodiments.

FIG. 23 shows an exemplary network configuration
according to the hybrid scheme.

As shown 1n FIG. 23, this network according to the hybrnd
scheme comprises a first radio base station 500, a second
radio base station 600, a hybrid radio terminal 700, and a
wire network 800. The first radio communication path in the
downlink direction 1s formed from the first radio base station
500 to the hybrid radio terminal 700, and the bidirectional
second radio communication path 1s formed from the hybrid
radio terminal 700 to the second radio base station 600. The
bidirectional communications 1n the hybrid scheme are
carried out by combining the first radio communication path
in the downlink direction and the second radio communi-
cation path in the uplink direction. Note that the bidirec-
fional communications using only the second radio commu-
nication path are also carried out whenever necessary
including the case where the hybrid radio terminal 700 1s not
located 1n an area covered by the first radio base station 500.
To be specific, the second radio communication path can be
realized by PHS (Personal Handy Phone System) or PDC
(Personal Digital Cellular), for example, but it is not nec-
essarily limited to these.

A media access control frame to be used for the radio
communications between the first radio base station 500 and
the hybrid radio terminal 700 1s stmilar to the media access
control frame of FIG. 2 except that a portion corresponding
to the uplink channel 1s omitted.

The radio base station 500 has a radio interface 501, a
control information transmission unit 502, a slot scheduling
unit 503, a media access control identifier management unit
504, a user information transmission unit 505, a relay unit
506 and a wire interface 507.

The radio base station 500 of this embodiment mainly
differs from the radio base station 100 of the above described
embodiments 1n that a function regarding the radio reception
1s omitted in the first radio base station 500. To be specilic,
the radio mterface 501 has no demodulation function. Also,
the control mnformation transmission unit 502 and the user
information transmission unit 305 have no decoding func-
tion. There 1s another difference 1n order to compensate for
the above noted difference of not having the radio reception
function. Namely, the user information and the control
mformation from the radio terminal, that were received
through the radio interface 1n the radio base station 100, can
be received through the wire interface 507 1n the first radio
base station 500. The received information will be trans-
ferred to an appropriate destination by the relay unit 506.

The media access control for the radio communications
between the second radio base station 600 and the hybrid
radio terminal 700 can be what 1s done 1n PHS for example,
but 1t 1s essentially unrelated to the present mvention so that
its detailed description will be omitted.

The second radio base station 600 has a radio interface
601 for carrying out radio transmission and reception as well
as modulation and demodulation, a control information
fransmission and reception unit 602 for carrying out encod-
ing and decoding of radio control information, a user 1nfor-
mation transmission and reception unit 603 for carrying out
encoding and decoding of user information, a radio com-
munication control unit 604 for carrying out a control of set
up/release of the second radio communication path and a
slot control for data transmission on the second radio
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communication path, a relay unit 605 corresponding to a
bridge function or a router function, and a wire 1nterface
606, 1n order to carry out radio communications with the
hybrid radio terminal 700.

The hybrid radio terminal 700 has a first radio interface
701, a control information reception unit 702, a user infor-
mation reception unit 703 a media access control 1dentifier
management unit 704, a slot selection unit 705, a multicast
control unit 706, a second radio interface 707, a control
information transmission and reception umt 708, a user
information transmission and reception unit 709, and a radio
communication control unit 710.

The main difference between the hybrid radio terminal
700 of this embodiment and the radio terminal 200 of the
above described embodiments 1s that the hybrid radio ter-
minal 700 has a functional configuration for enabling two
types of radio communications, one with respect to the first
radio base station 500 and another with respect to the second
radio base station 600. In other words, the hybrid radio
terminal 700 has additional elements including the second
radio interface 707 for carrying out radio transmaission and
reception as well as modulation and demodulation, the
control information transmission and reception unit 708 for
carrying out encoding and decoding of radio control infor-
mation, the user information transmission and reception unit
709 for carrying out encoding and decoding of user mfor-
mation, and the radio communication control unit 710 for
carrying out a control of set up/release of the second radio
communication path and a slot control for data transmission
on the second radio communication path, 1n order to carry
out radio communications with the second radio base station
600. Also, 1n order to use two radio interfaces appropriately,
the hybrid ratio terminal 700 has the relay unit 706 instead
of the multicast control unit 206. The second difference 1s
that the radio transmission function with respect to the first
radio base station 500 1s omitted. To be specific, the first
radio interface 701 has no modulation function. Also, the
control information reception unit 702 and the user infor-
mation reception unit 703 have no encoding function. There
are cases where the omission of such transmission functions
can be elfective 1in reducing a power consumption or a Size
of the terminal.

The media access control frame to be transmitted or
received by the second radio base station 600 and the hybrid
radio terminal 700 has the same configuration as that of FIG.
2.

In the following, a method for broadcasting the media
access control identifier corresponding to the information
type to be recerved from the first radio base station 500 to the
hybrid radio terminal 700 will be described.

The media access control 1dentifier management unit 504
manages correspondences between mnformation type identi-
fiers and media access control 1dentifiers, using a correspon-
dence table as shown in FIG. 3, similarly as in the first
embodiment. The detail 1s the same as 1n the first embodi-
ment so that 1t will not be repeated here. The fact that the
correspondence between the information type i1dentifier and
the media access control i1dentifier may change in time 1s
also the same.

The media access control 1dentifier management unit 504
selects the specific correspondence between the information
type 1denfifier and the media access control identifier at
appropriate frequency, and requests the control information
transmission unit 502 to transmit the selected correspon-
dence using the second broadcast channel 406. In the above
described example, transmission of the information type
identifier (multicast-1, multicast-2, or multicast-3) corre-
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sponding to the media access control identifier “#3” using
the second broadcast channel 406 of the media access
control frame 400 at a time when the correspondence 1is
changed will be requested. At this point, especially 1n the
case of the multicast address, there can be cases where the
information type 1idenfifier given by information of an
address on the left column alone is insufficient for the
receiving hybrid radio terminal 700 side to ascertain what
information 1t 1s. In such cases, information of the group 1D
on the right column 1s also transmitted at the same time. The
media access control 1dentifier management unit 504 also
requests transmission of the information type i1dentifier for
which the corresponding media access control i1dentifier 1s
lost, according to the need. The correspondence to be
selected at appropriate frequency can be fixed one 1nstead of
the time varying one. However, the media access control
identifier “#0” 1s allocated 1n advance to the radio control
broadcast information, so that there 1s no need to broadcast
this correspondence.

Upon receiving this request, the control information trans-
mission unit 502 requests the slot scheduling unit 503 to
allocate as many time-slots as required 1n transmitting that
correspondence (any other information to be transmitted will
also be included in the required amount) to the second
broadcast channel 406 in the media access control frame
400. The control information transmission unit 502 mounts
that correspondence 1nto the allocated time-slots and trans-
mit it through the radio interface 501.

The control information reception unit 702 gives 1nfor-
mation on the correspondence between the information type
identifier and the media access control identifier to the media
access control 1dentifier management unit 704 when such a
correspondence 1nformation 1s contained i1n the second
broadcast channel 406 received through the first radio inter-
face 701.

The media access control identifier management unit 704
1s managing information on the information type i1dentifier to
be recetved by the hybrid radio terminal 700 using a
correspondence table as shown 1n FIG. 4. The media access
control 1dentifier management unit 704 selects only those
correspondences that are related to the information type
identifier to be received by the hybrid radio terminal 700
from the obtained information on the correspondence
between the information type 1dentifiers and the media
access control 1dentifiers, and registers the media access
control 1dentifiers corresponding to the selected correspon-
dences 1nto the correspondence table of FIG. 4. In this
example, 1t 1s assumed that a set of “multicast-3” and
“oroup-3” 1s registered 1in advance as the information type
identifier to be received, so that the media access control
identifier “#3” that corresponds to 1t will be registered. If the
value of “multicast-3” 1s apparently fixed one, there 1s no
need for the hybrid radio terminal to maintain “group-3” part
which 1s the right side of the information type i1dentifier, but
the value of “multicast-3” may take different values depend-
ing on time and place 1n general.

In the case where it 1s indicated that there 1s no media
access control identifier corresponding to the information
type 1dentifier, the media access control 1dentifier 1s deleted.
For example, when 1t 1s indicated that the media access-
control 1identifier corresponding to “multicast-3" 1s lost after
awhile, the media access control identifier column corre-
sponding to “multicast-3” will be set as unallocated. How-
ever, the mnformation type 1dentifier itself will be left as it
indicates the information type to be received by the hybrid
radio terminal 700. Note that the media access control
identifier of the own terminal 1s set as unallocated to indicate
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that the first radio base station 500 1s not particularly aware
of the existence of this radio terminal.

The media access control 1dentifier management unit 704
notifies the media access control identifier for which the
need for receiving arose and the media access control
identifier for which the need for receiving disappeared, to
the slot selection unit 7085.

The slot selection unit 7035 notifies this change to the first
radio interface 701, such that the first radio interface 701
will determine portions to be transmitted or received accord-
ing to this information.

The processing up to this point constitutes the method for
broadcasting the media access control 1dentifier correspond-
ing to the mmformation type to be received, from the first
radio base station 500 to the hybrid radio terminal 700.

In the following, the processing procedure for conveying,
the user data up to the hybrid radio terminal 700 1n the case
where the first radio base station 500 actually receives the
user data destined to the information type to be received.
This processing procedure 1s slightly different for the case of
point-to-point and the case of point-to-multipoint so that
these two cases will be described separately.

First, the case of point-to-point will be described. FIG. 24
shows the exemplary procedure in the case of point-to-point.

The main difference from the first embodiment 1s that all
the information i1n the uplink direction, that 1s a direction
from the hybrid radio terminal 700 to the first radio base
station 500 1s transmitted via the second radio base station
600. The hybrid radio terminal 700 recognizes the existence
of the first radio base station 500 by receiving the first
broadcast channel 401 transmitted by the first radio base
station 500, and the media access control identifier and the
information type identifier are dynamically set 1n correspon-
dence by establishing association with the first radio base
station 500.

First, the second radio communication path is established
between the second radio base station 600 and the hybrid
radio terminal 700. This 1s done by exchange of the control
information between the radio communication control unit
710 of the hybrd radio terminal 700 and the radio commu-
nication control unit 604 of the second radio base station
600. Here 1ts detailed description will be omitted.

The transmission of information from the hybrid radio
terminal 700 to the first radio base station 500 1s carried out
by uftilizing the second radio communication path estab-
lished 1n this way. More specifically, it 1s assumed that the
hybrid radio terminal 700 already knows the information
type 1dentifier of the first radio base station 500 somehow,
for example by receiving the broadcast using the second
broadcast channel 406 transmitted from the first radio base
station 500. The control information of the first radio com-
munication path from the hybrid radio terminal 700 to the
first radio base station 500, or the information type 1dentifier
of the first radio base station 500 attached to that information
in the case of transmitting the user information, 1s given to
the relay unit 706. The relay unit 706 transters that mfor-
mation to the second radio base station 600 using the user
information transmission and reception unit 709 and the
second radio interface 707. The relay unit 603 of the second
radio base station 600 and the wire network 800 relay that
information up to the wire interface 507 of the first radio
base station 500.

More specifically, in order to establish the association, the
hybrid radio terminal 700 transmits a connection request
message for the point-to-point radio channel with respect to
the first radio base station 500 toward the second radio base
station 600 as the user information of the second radio
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communication path. Here, it 1s transmitted as the user
imnformation, because it 1s not the control information of the
second radio communication path itself. As described above,
the relay unit 605 of the second radio base station 600
outputs this message to the wire network 800 1n order to
transfer 1t to the first radio base station 500. This message
reaches to the first radio base station 500 by being further
relayed inside the wire network 800.

This connection request message contains at least the
terminal ID which 1s the information type i1dentifier. When
this connection 1s possible, the media access control 1den-
tifier management unit 504 of the first radio base station 500
creates the correspondence table for the information type
identifier 1n the connection request message and the unused
media access control 1dentifier corresponding to 1t. Now, 1f
the mnformation type identifier 1s “terminal ID-3" as shown
in FIG. 4, the media access control identifier “#6” 1s defined
in correspondence to 1t in FIG. 3, for example. The first radio
base station 500 returns a set of the information type
identifier and the media access control idenfifier as a
response message to that connection request message, using
the second broadcast channel 406.

Upon receiving this response message, the hybrid radio
terminal 700 registers that media access control i1dentifier
into the table in the media access control identifier manage-
ment unit 704,

Next, a point-to-point control channel 1s set up between
the first radio base station 500 and the hybrid radio terminal
700. This control channel comprises the individual control
channel 408 1n the downlink direction and one that goes via
the second radio base station 600 1n the uplink direction, and
the setting for ensuring the connectivity in the network layer
level 1s made here. If mmformation on the left column of the
information type identifier (such as “terminal-3” for
example) is not contained in the connection request mes-
sage, the setting of that value 1s made at this stage.

Now, when the first radio station S00 receives data
through the wire interface 507 at this point, the data are
ogrven to the relay unit 506.

The relay unit 506 inquires to the media access control
identifier management unit 504 about the media access
control 1dentifier corresponding to the information type
identifier that either directly or indirectly indicates the
destination of that data. When this happens to be information
equivalent to destined to “terminal-3”, the media access
control 1dentifier “#6” will be obtained from FIG. 3. The
relay unit 506 requests the user information transmission
unit 505 to transmit that data using the time-slot correspond-
ing to the media access control identifier “#6” so obtained.

The user information transmission unit 305 requests the
slot scheduling unit 503 to allocate the time-slot correspond-
ing to the media access control 1dentifier “#6”.

The slot scheduling unit 503 allocates the time-slot cor-
responding to the media access control idenfifier “#6”, and
also requests the control information transmission unit 502
to transmit this correspondence using the frame control
channel 402. At the same time, the slot scheduling unit 503
also notifies the time-slot allocated to the media access
control identifier “#6” to the user information transmission

unit 505.

The user information transmission unit 505 transmits the
data whose transmission 1s requested by the relay unit 506,
using the time-slot allocated by the slot scheduling unit 503.
For this transmission, the user data channel 409 1s used.

When the control information reception unit 702 of the
hybrid radio terminal 700 receives the frame control channel
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402 through the first radio interface 701, information con-
tained 1n 1t 1s given to the slot selection unit 705.

The slot selection unit 705 determines the time-slot to be
received from a combination of that information and infor-
mation regarding the media access control i1dentifier to be
received that 1s obtained by inquiring to the media access
control identifier management unit 704, and commands the
first radio interface 701 to receive that time-slot.

In accordance with this command, the first radio interface
701 receives the data transmitted by the user information
transmission unit 505 of the first radio base station 500, and
oves the received user information portion to the user
information reception unit 703.

Note that, usually, 1n the case of point-to-point, the uplink
channels from the hybrid radio terminal 700 to the first radio
base station 500 are also set up. In the uplink channels, the
user information and the control information for the first
radio communication path are both transmitted to the second
radio base station 600 as the user information of the second
radio communication path, and then further relayed to the
first radio base station 500 via the wire network. Conse-
quently, the detail of the procedure for transmitting the user
information in the uplink direction i1s the same as that
described at the beginning of the description of FIG. 24. The
ARQ message with respect to the received user information
1s transmitted via the second radio communication path.

Next, the case of point-to-multipoint will be described.

In this embodiment, 1t 1s assumed that ID of the multicast
information to be received by the hybrid radio terminal 700
1s set 1n advance 1n the hybrid radio terminal 700 1itself. Also,
the media access control 1dentifier management unit 504 of
the first radio base station 500 creates 1n advance a corre-
spondence table for the multicast information type 1dentifier
and the media access control 1identifier corresponding to it as
shown 1n FIG. 3. The first radio base station 500 regularly
broadcasts a set of the information type identifier and the
media access control i1dentifier using the second broadcast
channel 406 as described above. Upon receiving this, the
hybrid radio terminal 700 registers the media access control
identifier into the table 1n the media access control 1dentifier
management unit 704 as shown 1n FIG. 4.

The handling from this point on can take one of the
following two forms depending on the characteristic of the
multicast traffic.

In the case of the broadcast type multicast, the uplink
direction will not be used so that it 1s basically similar to the
first embodiment. Namely, 1t suflices to replace the radio
base station and the radio terminal of FIG. 6 by the first radio
base station and the hybrid radio terminal.

In the case of the bidirectional type multicast, there 1s a
need to transmit the uplink unicast connection request
message for the multicast tratfic from the hybrid radio
terminal 700 to the first radio base station 500 using the
above described method for transmitting via the second
radio base station 600, similarly as in the case of point-to-
point. This 1s similar to the above described method for
establishing the association. This set up can be carried out
cither before or after the notification of the point-to-multi-
point media access control identifier. FIG. 25 shows the
exemplary procedure in the case of carrying out this set up
after the notification.

First, using the above described method, the second radio
communication path 1s established between the second radio
base station 600 and the hybrid radio terminal 700. Then, the
relay unit 706 creates the connection request message
regarding the multicast such as the uplink unicast connection
request message for the multicast traffic, and transmits it to
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the first radio base station 500 using the above described
method of transmitting via the second radio base station 600.
As a result, the downlink 1ndividual control channel 408 1s
set up, and further a setting 1s made such that the control
information to be transmitted by the uplink individual con-
trol channel that i1s transmitted via the second radio base
station 600 can be handled properly when it 1s received by
the first radio base station 500. In the case where there 1s a
need to transmit only the ARQ information, the downlink
datalink control channel 410 1s set up and further a setting
1s made such that the ARQ information to be transmitted by
the uplink datalink control channel that 1s transmitted via the
second radio base station 600 can be handled properly when
it 1s received by the first radio base station 500 1n addition.
Also, 1 the case where there 1s a need to transmit the user
information on the uplink side, 1n addition to the setting for
the datalink control, the downlink user data channel 409 1s
set up and further a setting 1s made such that the user
information to be transmitted by the uplink user data channel
that 1s transmitted via the second radio base station 600 can
be handled properly when 1t 1s received by the first radio
base station 500. Note however that there can be cases where
the downlink user data channel 409 1s not set up as 1t will not
be used. These settings are made by the procedure similar to
the case of point-to-point.

In either one of the above described cases, the following,
operations are common.

Namely, when the first radio base station 500 receives
data through the wire interface 507, this data 1s given to the
relay unit 506.

The relay unit 506 inquires the media access control
identifier management umit 504 about the media access
control 1dentifier corresponding to the information type
identifier that directly or indirectly indicates the destination
of that data. Here, it 1s assumed that the information type
identifier 1s “multicast-3”. Then, the media access control
identifier “#3” 1s obtained. The relay unit 506 requests the
user information transmission unit 305 to transmit that data
using the time-slot corresponding to the media access con-
trol 1dentifier “#3” so obtained.

The user information transmission unit 505 requests the
slot scheduling unit 503 to allocate the time-slot correspond-
ing to the media access control 1dentifier “#3”.

The slot scheduling unit 503 allocates the time-slot cor-
responding to the media access control 1dentifier “#3”, and
requests the control mformation transmission unit 502 to
fransmit this correspondence using the frame control chan-

nel 402. At the same time, the slot scheduling unit 503
notifies the time-slot allocated to the media access control
identifier “#3” to the user information transmaission unit 503.

The user information transmission unit S05 transmits the
data whose transmission 1s requested by the relay unit 506,
using the time-slot allocated by the slot scheduling unit 503.

When the control mnformation reception unit 702 of the
hybrid radio terminal 700 receives the frame control channel
402 through the first radio interface 701, the information
contained 1n 1t 1s given to the slot selection unit 705.

The slot selection unit 705 determines the time-slot to be
recerved from a combination of that information and the
information regarding the media access control identifier to
be received that 1s obtained by inquiring to the media access
control identifier management unit 704, and commands the
first radio 1nterface 701 to received that time-slot.

According to this command, the first radio interface 701
receives the data transmitted by the user information trans-
mission unit 505, and gives 1t to the user information
reception unit 703.
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Referring now to FIG. 26 to FIG. 28, the seventh embodi-
ment of a radio communication system according to the
present 1nvention will be described 1n detail.

The seventh embodiment 1s directed to the case of real-
1zing the second embodiment in the hybrid scheme. The
handling of the point-to-point 1s the same as in the sixth
embodiment, but a way of realizing the point-to-multipoint
1s different. In the following, the differences from the sixth
embodiment will be mainly described.

The media access control 1dentifier management unit 504
of the first radio base station 500 and the media access
control 1dentifier management unit 704 of the hybrid radio
terminal 700 are similar to those of FIG. 23, but unlike the
sixth embodiment, the correspondence between the multi-
cast media access control identifier and the information type
identifier 1s not notified to all the hybrid radio terminals
located 1n that area. Namely, there 1s provided an informa-
fion regarding which hybrid radio terminals are actually
requiring the information on the correspondence, and the
information on the media access control 1dentifier 1s given
by way of a message destined to such a hybnd radio
terminal. However, because it 1s the point-to-multipoint
communications, the media access control i1dentifier allo-
cated by the first radio base station 500 with respect to the
same multicast communication transmission request from a
plurality of hybrid radio terminals will be identical.

There are following two methods for comprehending
hybrid radio terminals that will receive the multicast, for
example.

(1) A method in which those hybrid radio terminals that
wish to receive a certain multicast communication (broad-
casting, for example) are to make a request for the notifi-
cation of the media access control 1dentifier for the purpose
of that mulficast communication to the first radio base
station 500.

(2) A method in which a correspondence table of an ID of
cach hybrid radio terminal 700 and the information type
identifiers of the multicasts that each hybrid radio terminal
700 wishes to receive 1s provided at the first radio base
station 500 side (or at a server within a wire network 800),
and the first radio base station 500 notifies values of the
media access control i1dentifiers for the required multicast
communications from that table to that hybrid radio terminal
700 when that hybrid radio terminal 700 makes the location
registration to the first radio base station 500.

Moreover, there 1s a difference between the broadcast type
multicast and the bidirectional type multicast similarly as in
the sixth embodiment, 1n each one of these methods. In the
following, examples of these four cases will be described
one by one.

First, the method (1) in the broadcast type multicast will
be described. FIG. 26 shows the exemplary procedure 1n this
case. Here 1t 1s assumed that the second radio communica-
tion path 1s already established.

The hybrid radio terminal 700 creates the downlink
multicast connection request message containing “terminal
ID” and the information type 1dentifiers of “multicast-3” and
“oroup ID-3” at the relay unit 706, and this message 1is
transmitted to the first radio base station 500 via the second
radio base station 600.

Upon receiving this connection request message, the first
radio base station 500 broadcasts a message indicating that
a specific terminal ID 1s set as the destination, and a pair of
the received information type 1dentifier and the media access
control 1dentifier corresponding to that information type
identifier which 1s allocated by the media access control
identifier management unit 504, using the second broadcast
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channel 406. Although the same broadcast channel 1s used,
in contrast to the sixth embodiment where the mformation
reception and the content comprehension are requested to all
the hybrid radio terminals, this embodiment differs in that
the channel destined to the specific hybrid radio terminal 1s
sent so that hybrid radio terminals other than the correspond-
ing one will receive the message but discard 1t without
looking 1nto its content.

After recerving the second broadcast channel 406 destined
to the own terminal, the first radio interface 701 of the hybrid
radio terminal 700 gives its content to the media access
control 1dentifier management unit 704 via the control
information transmission and reception unit 202. Then, the
media access control 1dentifier 1s registered mnto the table 1n
a manner of FIG. 4, and 1ts value 1s given to the slot selection
unit 705.

Although the above description presupposes that an
appropriate pair of the information type identifier and the
media access control identifier 1s registered in the table of
the media access control i1dentifier management unit 504
with respect to the connection request message from the
hybrid radio terminal 700, there 1s no guarantee that such a
pair always exists. Namely, such a pair may not exist in the
table of the media access control identifier management unit
504 when signals of the multicast requested by the hybrid
radio terminal 700 are not received from a server 1n the wire
network 800 yet because there 1s no other radio terminal that
has received them until then. In such a case, the first radio
base station 500 requests reception of these multicast signals
with respect to the wire network 800 side. Also, the first
radio base station 500 registers a pair of a new multicast
information type identifier and a new media access control
identifier corresponding to 1t into the table of the media
access control 1dentifier management unit 504. A possibility
for such a situation to arise 1s always present in the case
where the hybrid radio terminal 700 1ssues the connection
request message requesting reception of the multicast.

Next, the method (2) in the broadcast type multicast will
be described.

In this case the uplink direction will not be used so that it
suffices to replace the radio base station and the radio
terminal in the description of FIG. 14 of the second embodi-
ment by the first radio base station S00 and the hybrid radio
terminal. No other change 1s required.

Next, the method (1) in the bidirectional type multicast
will be described. FIG. 27 shows the exemplary procedure
in this case. Here it 1s assumed that the second radio
communication path 1s already established.

The hybrid radio terminal 700 sends the downlink mul-
ticast/uplink unicast connection request message containing
both the information type identifiers of “multicast-3” and
“oroup ID-3” and the information type identifier of the
hybrid radio terminal 700, to the first radio base station 500
via the second radio base station 600.

Upon receiving this connection request message, the first
radio base station 500 newly allocates the uplink unicast
media access control 1dentifier at the media access control
identifier management unit 504. No information will be sent
in the uplink direction using the first radio communication
path, but this media access control 1dentifier will be used in
the case where the control information transmitted in the
uplink direction by the second radio communication path
will be sent to the downlink direction. It can also be utilized
by the first radio base station 500 1n ascertaining which
hybrid radio terminal has received the datalink control
information for the downlink multicast information. Then,
the first radio base station 500 broadcasts a message 1ndi-
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cating that a specific terminal ID 1s set as the destination, and
a pair of the received information type identifier and the
media access control 1identifier corresponding to 1t, using the
second broadcast channel 406, for each one of the downlink
multicast and the uplink unicast.

As a result, the downlink individual control channel 408
1s set up, and further a setting 1s made such that the control
information to be transmitted by the uplink 1individual con-
trol channel that 1s transmitted via the second radio base
station 600 can be handled properly when it 1s received by
the first radio base station 500. In the case where there 1s a
need to transmit only the ARQ information, the downlink
datalink control channel 410 1s set up and further a setting
1s made such that the ARQ mnformation to be transmitted by
the uplink datalink control channel that 1s transmitted via the
second radio base station 600 can be handled properly when
it 1s received by the first radio base station 500 in addition.
In other words, 1t 1s the setting for enabling identification as
to which hybrid radio terminal has transmitted the datalink
control information for the downlink multicast information.
Also, 1n the case where there 1s a need to transmit the user
information on the uplink side, 1n addition to the setting for
the datalink control, the downlink user data channel 409 1s
set up and further a setting i1s made such that the user
information to be transmitted by the uplink user data channel
that 1s transmitted via the second radio base station 600 can
be handled properly when 1t 1s received by the first radio
base station 500. Note however that there can be cases where
the downlink user data channel 409 1s not set up as 1t will not
be used. These settings are made by the procedure similar to
the case of point-to-point.

After receiving the second broadcast channel 406 destined
to the own terminal, the first radio interface 701 of the hybrid
radio terminal 700 gives its content to the media access
control 1dentifier management unit 704 via the control
information reception unit 702. Then, two media access
control identifiers are registered 1nto the table in a manner of
FIG. 4, and their values are given to the slot selection unit
705.

Note that this embodiment uses a message format for
requesting both uplink and downlink connections simulta-
neously, but 1t 1s also possible to define them separately.

Next, the method (2) in the bidirectional type multicast
will be described. FIG. 28 shows the exemplary procedure
in this case. Here it 1s assumed that the second radio
communication path 1s already established.

When the hybrid radio terminal 700 makes the location
registration, the first radio base station 500 obtains infor-
mation regarding the group ID of the multicast that hybrid
radio terminal 700 should receive, from the table of the
media access control identifier management unit 504 in the
first radio base station 500, or from a server in the wire
network 800, or else from information communicated before
moving 1n the case where that hybrid radio terminal 700 has
moved from the other radio base station by the handover.

Then, when 1t 1s ascertained that this hybrid radio terminal
700 1s requesting acquisition of the user information regard-
ing the information type identifier of “multicast-3” and
“oroup ID-37, the first radio base station 500 broadcasts a
message 1ndicating that a specific terminal ID 1s set as the
destination, a pair of the downlink multicast information
type 1dentifier and the media access control identifier cor-
responding to it, and a pair of the uplink unicast information
type 1dentifier and the media access control identifier cor-
responding to 1t, using the second broadcast channel 406.

After receiving the second broadcast channel 406 destined
to the own terminal, the first radio interface 701 of the hybrid
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radio terminal 700 gives its content to the media access
control identifier management unit 704 via the control
information reception unit 702. Then, two media access
control 1identifiers are registered 1nto the table 1n a manner of
FIG. 4, and their values are given to the slot selection unit
705.

In any one of the above described multicast cases, the
following operations are common.

Namely, when the first radio base station 500 receives
data through the wire interface 507, this data 1s given to the
relay unit 506.

The relay unit 506 inquires the media access control
identifier management umit 504 about the media access
control 1dentifier corresponding to the information type
identifier that directly or indirectly indicates the destination
of that data. Here, 1t 1s assumed that the information type
identifier 18 “multicast-3”. Then, the media access control
identifier “#3” 1s obtained. The relay unit 506 requests the
user information transmission unit 3035 to transmit that data
using the time-slot corresponding to the media access con-
trol 1dentifier “#3” so obtained.

The user information transmission unit 505 requests the
slot scheduling unit 503 to allocate the time-slot correspond-
ing to the media access control 1dentifier “#3”.

The slot scheduling unit 503 allocates the time-slot cor-
responding to the media access control idenfifier “#3”, and
requests the control information transmission unit 302 to
transmit this correspondence using the frame control chan-
nel 402. At the same time, the slot scheduling unit 503
notifies the time-slot allocated to the media access control
identifier “#3” to the user information transmission unit 503.

The user information transmission unit 505 transmits the
data whose transmission 1s requested by the relay unit 506,
using the time-slot allocated by the slot scheduling unit 503.

When the control information reception unit 702 of the
hybrid radio terminal 700 receives the frame control channel
402 through the first radio interface 701, the nformation
contained 1n 1t 1s given to the slot selection unit 703.

The slot selection unit 705 determines the time-slot to be
received from a combination of that mmformation and the
information regarding the media access control 1dentifier to
be received that 1s obtained by inquiring to the media access
control 1dentifier management unit 704, and commands the
first radio interface 701 to received that time-slot.

According to this command, the first radio interface 701
receives the data transmitted by the user information trans-
mission unit 3505, and gives 1t to the user nformation
reception unit 703.

Note that the third, fourth and fifth embodiments can also
be realized by the hybrid scheme of the sixth and seventh
embodiments. It should be apparent that the configuration of
the sixth embodiment, the configuration of the seventh
embodiment, a configuration 1n which the third embodiment
1s realized by the hybrid scheme, a configuration in which
the fourth embodiment 1s realized by the hybrid scheme, and
a configuration 1n which the fifth embodiment is realized by
the hybrid scheme can be practiced 1n any suitable combi-
nation.

As described, according to the present invention, it
becomes possible for the radio base station to carry out both
point-to-point user mformation communications and point-
to-multipoint user nformation communications with respect
to radio terminals.

It 1s to be noted that, 1n the above description, the user
information on a given layer for a specific user may contain
not just the user data to be exchanged at upper layers, but
also the control information for that specific user at that
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ogrven layer as well. In particular, the user information to be
transmitted on a unicast channel may contain the control
information so that the control information for the multicast
can be transmitted on a unicast channel that 1s set up 1n
advance.

It 1s also to be noted that, besides those already mentioned
above, many modifications and variations of the above
embodiments may be made without departing from the
novel and advantageous features of the present invention.

Accordingly, all such modifications and variations are
intended to be included within the scope of the appended
claims.

What 1s claimed 1s:

1. A radio base station device, comprising:

a reception unit configured to receive a connection request

from one radio terminal;

a first allocation unit configured to allocate a first media
access control identifier which 1s an unused media
access control 1dentifier, to said one radio terminal that
issued the connection request;

a broadcast unit configured to broadcast a correspondence
between tie first media access control identifier and said
one radio terminal;

a second allocation unit configured to allocate a second
media access control identifier to an identifier of a
multicast information that are to be received by a
plurality of radio terminals;

a first transmission unit configured to transmit a corre-
spondence 1nformation for enabling said plurality of
radio terminals to recognize a correspondence between
the second media access control identifier and the
identifier of the multicast information;

a second transmission unit configured to transmit a time-

slot corresponding to the first media access control
identifier with a user information destined to said one
radio terminal loaded thereon, and a time-slot corre-
sponding to the second media access control 1dentifier
with the multicast information loaded thereon; and

a set up unit configured to set up a datalink connection
with respect to said one radio terminal,

wherein the second allocation unit allocates a set of the
second media access control 1dentifier and a datalink
connection 1dentifier to the 1dentifier of the multicast
imnformation,

the first transmission unit transmits the correspondence
information regarding a correspondence between the
identifier of the multicast information and the set of the
second media access control identifier and the datalink
connection i1dentifier, and

the second transmission unit transmits a time-slot corre-
sponding to the set of the second media access control
identifier and the datalink connection identifier with the
multicast information loaded thereon.

2. A radio base station device comprising;:

a reception unit configured to receive a connection request
from one radio terminal;

a first allocation unit configured to allocate a first media
access control identifier which 1s an unused media
access control 1dentifier, to said one radio terminal that
issued the connection request;

a broadcast unit configured to broadcast a correspondence
between the first media access control identifier and
said one radio terminal;

a second allocation unit configured to allocate a second
media access control identifier to an 1dentifier of a
multicast information that are to be received by a
plurality of radio terminals;
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a first transmission unit configured to transmit a corre-
spondence 1nformation for enabling said plurality of
radio terminals to recognize a correspondence between
the second media access control identifier and the
identifier of the multicast information;

a second transmission unit configured to transmit a time-
slot corresponding to the first media access control
identifier with a user information destined to said one
radio terminal loaded thereon, and a time-slot corre-
sponding to the second media access control 1dentifier
with the multicast information loaded thereon;

a set up unit configured to set up a datalink connection
with respect to said one radio terminal; and

a third allocation unit configured to allocate another
media access control identifier different from those
already allocated by the first and second allocation
units, to a datalink control information with respect to
the user information,

wherein the first transmission unit transmits said another
media access control 1identifier as a media access con-
trol Identifier for the datalink information with respect
to the user information.

3. A radio base station device comprising:

a reception unit configured to receive a connection request
from one radio terminal;

a first allocation unit configured to allocate a first media
access control identifier which 1s an unused media
access control identifier, to said one radio terminal that
issued the connection request;

a broadcast unit configured to broadcast a correspondence
between the first media access control identifier and
said one radio terminal;

a second allocation unit configured to allocate a second
media access control identifier to an identifier of a
multicast information that are to be received by a
plurality of radio terminals;

a first transmission unit configured to transmit a corre-
spondence information for enabling said plurality of
radio terminals to recognize a correspondence between
the second media access control identifier and the
identifier of the multicast information;

a second transmission unit configured to transmit a time-
slot corresponding to the first media access control
identifier with a user information destined to said one
radio terminal loaded thereon, and a time-slot corre-
sponding to the second media access control 1dentifier
with the multicast information loaded thereon; and

a set up unit configured to set up a datalink connection
with respect to said one radio terminal,

wherein the second allocation unit sets a value that 1s
unused as a datalink connection identifier for datalink
control of received information, as a value of the
datalink connection identifier to be allocated to the
identifier of the multicast information, with respect to
said one radio terminal which receives the multicast
information using a time-slot corresponding to the
second media access control identifier.

4. A radio terminal device comprising;:

a transmission unit configured to transmit a connection
request to a radio base station;

a first reception unit configured to receive a first media
access control 1dentifier allocated to the radio terminal
device, which 1s broadcast from the radio base station;

a second reception unit configured to receive an 1dentifier

of a multicast information to be received by a plurality
of radio terminals and a second media access control
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identifier allocated to the identifier of the multicast
information, which are transmaitted from the radio base

station;

a third reception unit configured to receive a user infor-
mation destined to the radio terminal device which 1s
loaded on a time-slot corresponding to the first media
access control 1identifier, and the multicast information
which 1s loaded on a time-slot corresponding to the
second media access control i1dentifier; and

a set up unit configured to set up a datalink connection
with respect to the radio base station,

wherein the second reception unit receives the identifier
of the multicast information and a set of the second
media access control 1identifier and a datalink connec-
tion 1dentifier allocated to the 1dentifier of the multicast
information, and

the third reception unit receives the multicast information
loaded on a time-slot corresponding to the set of the
second media access control 1dentifier and the datalink
connection 1dentifier.

5. A ratio terminal device further comprising:

a transmission unit configured to transmit a connection
request to a radio base station:

a first reception unit configured to receive a first media
access control identifier allocated to the radio terminal
device, which 1s broadcast from the radio base station;

a second reception unit configured to receive an identifier
of a multicast information to be received by a plurality
of radio terminals and a second media access control
identifier allocated to the identifier of the multicast
imnformation, which are transmaitted from the radio base
station;

a third reception unit configured to receive a user infor-
mation destined to the radio terminal device which 1s
loaded on a time-slot corresponding to the first media
access control identifier, and the multicast information
which 1s loaded on a time-slot corresponding to the
second media access control 1dentifier;

a set up unit configured to set up a datalink connection
with respect to the radio base station;

a fourth reception unit configured to receive a third media
access control 1dentifier allocated to an identifier of a
datalink control information for the multicast informa-
tion loaded an a time-slot corresponding to the second
media access control i1dentifier; and

a second transmission unit configured to transmit the
datalink control information for the multicast informa-

tion, using a the slot corresponding to the third media
access control 1dentifier.

6. A radio terminal device comprising:

a transmission unit configured to transmit a connection
request to a radio base station;

a first reception unit configured to receive a first media
access control identifier allocated to the radio terminal
device, which 1s broadcast from the radio base station;

a second reception unit configured to receive an identifier
of a multicast information to be received by a plurality
of radio terminals and a second media access control
identifier allocated to the identifier of the multicast
imnformation, which are transmaitted from the radio base
station;

a third reception unit configured to receive a user infor-
mation destined to the radio terminal device which is
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loaded on a time-slot corresponding to the first media a second transmission umit configured to transmit the
access control 1dentifier, and the multicast information datalink control information for the multicast informa-
which 1s loaded on a time-slot corresponding to the tion, using a time-slot corresponding to the first media
second media access control 1dentifier; access control 1dentifier.

a set up unit configured to set up a datalink connection 5
with respect to the radio base station; and ¥ % % %k
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